NPEAHCJIOBUE

Panee M3manbl nepeble TPH HacTH KOMIMJieKca y4eOHO-METOAHUECKHX
MaTepHanoB no AMCUMMNMHE « MeTponorus v paguonsMepenns». B Hux souiu
NOSICHHTENLHAA 3anKcka, paboyas nporpamma AUCLMIIHHBL M ONMOPHBLIA KOHCIIEKT
nekuwii. B kaxaom pasgnenie, TNOCBALICHHOM OTAENLHOW TEME MPOrpaMMbi.
NPUBEACHB!I KOHTPONBHBIE BOMPOCH], CXEMBI, 3a/Ja4H H CITHCOK JIHTEPATYpbI.

Hactosimas werBepras 4HacTh KOMIUIEKCZ COAEPHHT  Marepualbi,
HCTIONIL3YEMBIE NPH 3aKperyieHHH 3HaAHWH, NOJYYEHHBIX B MPOLECCE H3Y4eHWs
OTIOPHOr0 KOHCNEeKTA JIEKLMH, NpH BBITIONHEHHH KOHTPONBHOH M nabopatopHbix
pabor. Pemenne 3ana4 koHTponabHOH paborel TpebyeT 3HaHHA OCHOBHBIX
NONOXEHHH  THABHBIX  pa3fenos  jucuunauuel.  JlaBoparophsie  paGorsi
NOKa36IBAIOT, KaK Pealu3yloTCA NPHHLMMB H METOAkl M3Mepenuii. B Hux
NPUBOAATCH KpaTKve cBeleHHs 00 HCIONB3yEeMbIX 3NEKTPOHHBIX HIMEPHTENBHBIX
npubopax, NPUBOAATCH ONHCAHWS METONMK H3Mepenus, crocoboe obpaboTki
pe3ynbTaTOB H3IMEPEHHA, 0cOBeHHOCTEH OnpelieNieHns NOrpeniHOCTeH HIMEPEHHS.

1. KOHTPOJBHAS PABOTA

Llenbio KOHTponsHOH paboTLl ABNIETCS NPUMEHEHHE 3HAHMS OCHOBHbLIX
MONOKEHHI MABHBIX Pa3fenoB JHCUMNINHHBL «MeTpoaorks H pajMOH3IMEPEHH:»
AN pelleHH KOHKDETHbIX W3MEpMTENbHBIX 3afa4. 3ajaun oxsathisaior 7
Haubosee BAKHBLIX Pa3NeNoB AMCUMIUIMHBL, JUIR WX pewenus Tpebyercs
npe/iBapHTENbHOE H3YHEeHHE ITHX Pasaenos.

[naBubiM  cojepXaHueM 3agad 3, 6 u 7 ssiaserca (u3MHeCKH M
MareMaTuueck 06OCHOBaHHBLIH BBIBOJ pacHeTHbIX dopMyn Ans Mociefylouero
yucienHoro peienus. 3anaun 2 u 8 TpefyioT rpaduueckoro peleHus, NpUYeM B
sajave 8 B page ciaydaes MoXeT ObiTh TNONy4eH TOYHBIA pe3ysibTar.
BhIYMCMTEIbHAS YaCTh pElIeHHs 3aJad 3aHHMAeT CPAaBHHTENLHO HeGOoNbIIOTH
06beM. BawHsiM SBAAETCH TNPaBHILHOE WCMOJL3OBAHWE B pacyeTax eauHHU
H3MepeHHs (PUINIECKAX BEJIMYHH.

Mmeetcas 25 BapuaHTOB 3aja4. B kavecTBe HOMepa BapHaHTa 3ajiaHis,
BBINOAHSAEMOr0 CTYJIEHTOM, HCIIONB3YeTcs ero MOPAAKOBbIH HOMEp B CIHCKe
CTY/IEHTOB, COCTABIEHHOM JIEKAHATOM B HaYane CeMecTpa, B KOTOPOM H3y4aeTcs
IHCUHITHHA «MeTponorus U paJHOH3IMEPEHHA.

CrucoK JIMTepaTypsl, COACPKAlfN NOMANEKAUHEe HIYHCHHIO MATEpHaibl,
npuseseH Ha c. 12T,

Zapaua Ne 1

WmeroTcs pesyibTathl 6 H3MepeHHH HEKOTOPOiH (H3MHECKOH BENHM4YHHBI,
npuBeieHnbie B tabmuue Ge3 ykasanus pasmepHocTH. Ilposectn obpaborky
Pe3yNLTATOB H3MEPEHHUS, T.€. ONPEACIHTh CEAYIOUIHE SHACHHA.

1. Cpenpee 3HaueHne Pe3yabTaTOB H3MEPEHHI.

2. OTKJIOHEHHS pe3yNbTATOB H3MEPEHHMH OT CPe[IHero 3HaueHHHA.

3. CpenHexBapaTHyecKOe 3HAYEHHE OTKIOHEHHA pe3y/bTaTa OTACNLHOIO
H3MEpeHHA OT CPEHEr0 3HAYEHHS.

4. MakcumanbHOe 3HAa4YeHHE TOTPEeIIHOCTH, NPHHATOE NS HOPMAJILHOIO
3aKOHa pacnpejeneHuns.

5. YcTaHOBHTH, MOJMMHACTCA JIM AaHHbIA DAL M3MEPEHWH HOPMANbHOMY
3aKOHY pachpejielieHHsi W He COAepKaT 1M pesyJibTaTbl M3MEpEHHH TPyOBIX
ommubox — npomaxos. Ecnu HMEIOT MECTO NPOMaxH, TO 3TH Pe3yNbTaTsl ClexyeT
WCKITIOYMTh H BHOBb NpoBecTH 00paGoTKy OCTABIIHXCA PE3y/bTATOB MO MyHKTAM
1-4.

6. CpenHeKBaIpaTHuecKoe 3HAUYEHHE OTKIOHEHHA IPYIB PE3yNbTATOB H3ME-
PEeHHii OT CpeHero 3HaYeHus.

7. INone3ysck 3akoHoM pacnipeaenenns CTbIOJEHTA, 3anuCaTh BEPOSTHBIN pe-
3yALTAT H3MEpeHHH M 3HaUEeHHe CONPOBOKAIOMIEH ero CHY4aiHOH NMOrpeiHOCTH
npu noBepuTensHbiX BepoatHocTAX 0,997, 095 u 09. OOGBLACHATE, MOYEMY
paznMuHbBIM  JIOBEPUTENbHBLIM  BEPOSTHOCTAM  COOTBETCTBYIOT — PasiiniHbIe
BeMuMHBl  CHy4aliHOW NOrpelIHOCTH M KAK  MCNONL30BATh  MOJyHeHHbIE
pesyneTarel Ha npaktuke. Kak ymMeHbUIHTh BETHYMHY ciy4aiHONH MOrpeuIHoCTH
NPH 3a1aHHON AOBEPUTENBHOH BEpPOATHOCTH?
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Tabnuna

[ '---.,.__y-_»mucm"‘n 203 T a 1 5”*[ 6 |
e | | |
[”-‘,“EPE'J? nreglll oot Besnre s (ch =i
Lo 2 0.96 0.88 085 | 084 082 | o078 |
[ 2 0,94 0.88 0.85 084 | 08 078 |
[ 3 0,94 096 | 08 | 08 | o084 | o082 |
e oo sl 0,94 0,91 0,88 0,85 0.84 | 078
Tm—— 0.94 0,91 0.96 0,85 0,84 0.78 |
I 0,94 0,91 0,96 088 | 08 | 082
\ 7 0,91 0,88 0,85 0.84 082 | 078
[ 0,94 0,96 0.85 0.84 082 | 078
| 9 0,94 0,91 0,85 0,84 0,82 0.78
10 0.94 091 | 0,88 0.85 0.84 082
11 0,94 0.91 0.96 0,85 0.84 082 |
12 091 0,96 0.85 0,84 082 | 078 |
13 0,94 0,96 0,88 0.84 082 | 078 |
14 0,94 0,91 0,96 0,84 0.82 078 |
15 0,94 0,91 0,96 0,38 08 | 078 |
[ 6 0,91 0,96 0,88 0.84 082 | 078 |
[ 17 0,94 0,96 0.88 0,85 0,82 0.78
L 18 0,94 0,91 0,88 084 | 08 | 078 |
[ 19 0,94 0,91 0,96 08 | 082 078 |
I 20 0,94 0,91 0,96 0,88 084 | 078 |
| 01 0,91 0,96 0.88 0.85 082 | 078
N 0,94 0.96 0,88 0,85 084 | 078 |
. 23 0,94 0,91 0,88 0.85 082 | 078 |
i 24 0,91 0,96 0,88 0,85 0.84 082 |
[ 25 | 091 0,96 0,88 085 | 084 | 0718 |
3anaua Ne 2

Hsobpasute  ocumnnorpamms NEPHOAHYECKOH  MOCHEAOBATENLHOCTH
KOPOTKHX HMNYNLCOB NP 3ajaHHbIX pasMepax JMHelHO#H HENpepsIBHOH ¢
AAywied passepTKM Ha 3Kkpane ocuunnorpaga. [lokazats, kakum TOYKam
NIOC/ICAOBATEALHOCTH  MMINY/ILCOB  COOTBETCTBYIOT TOYKM Hauana M  KoMua
PA3BEPTKH, COCAMHHB WX NYHKTUPHBIMH (HIM MOKA3aHHEIMH JApYTHM  LIBETOM
TOYKAMM ¥ T.IL) muHuAMA. TIpu 3TOM Ha 3Kpan NPH HENpepLIBHON pajsBepTke
AOIDKHEI TONACTL BCE MMITYNIbCh NOCIEI0BATENBHOCTH, MpH #Aymeid passeprke
AOCTATO4HO MOKA3aTh CBA3M C 3 — 4 uMnynbCaMHy.

Hucno wMIynecoB # W KpaTHOCTS K NEPHOAOB pa3BepTkH T, nepuojam noc-
JICA0BaTENbHOCTH UMITYIIBCOB T, (T, = xT,) 3ananw B Tabnuie.

v

S — 7
n
HemnpepLiBHas Haymas

Tabnuua
Nepapuanta | | 2 3] 4 5 6 | 7 8 9 Jw [in]12713]
n 2 3 4 5 6 7 8 9 7 8 |9 11|

x 1 1 1 2 2 2 2 2 3 T 153133

Negapwanra | 14 | 15 | 16 [ 17 [ 18 [ 19 [ 20 | 21 | 22 | 23 | 24 | 25 |
n W nj2{nlnrlB3]14]13]14][15][15]16 L]
K 4 4 4 | 5 5 5 5 6 6 & 7 ) ] |

3agaua Ne 3

DJIEKTPOHHO-CYETHBIH YaCTOTOMEP MMEET PEXHM H3MEPeHHS HacToThl W
PEXHM H3MEPCHHA NepHOa, MPHYEM B NOCHEAHEM PeXHME B HEM MCHOABIYETCH
KaK YMHOXeHHe YACTOTHI KBAPHEBOT0 N'eHEPATOPA fry, TAK ¥ JIEJICHHE YACTOTHL.

BaiBecT pacuetHyio (OpMyiy M ONpEeNeNHT TPAHHYHYIO YacCTOTY Jep 5 HO
KOTOpO# Clie/lyeT H3MEPATH NEPHOJ, a Noce KOTOPOH Cle/lyeT HIMEpPSTh YacTOTY
AUIS IOy eHHA MHHEMANLHOH NOTPEIIHOCTH U3MEPEHHS.

3anansl BpeMS W3MEpeHHA 4HacToThi T, M HaCTOTA CAEAOBAHHMA CYETHBIX

I
HMIY/IbCOB TIPH H3MEPEHHH NEPHONA Mifys WIH —fiy , THe 1y — KodhOHUHEHT
n

YMHOMKEHHS YaCTOTHI, /77 — KO3QHUMEHT AeeHHs YaCTOTHL.
Paspewaiomias cnocobHOCTs M3MepeHHs 1o YUCJY HMMYILCOB — |, Kakoea
OHa Ha IpaHHYHOW YacTOTe MPH M3MEPEHHHM 4acTOThl (Af) W KakoBa oHa npH

H3MepeHHH nepuopaa ( At)?




Tabnwmna
Ne papnanTa Aifes, M1 i [ MTy Tv.c i
"f
—k - [ T
3 I
i 100 - 01 |
& o001
3 0,001
BT - 10
7 A
3 10 - T Y
. 9 - 0,01
_10 0001
1 R 10|
12 '
i3 = 1 B 01
14 001
15 0,001
16 10
17 i i T
18 = 0,1 (R w1l . A
19 001
20 | 0001 |
21 10 i
22 !
3y | - 0,01 0.1
24 o001
55 0,001
Zagaqa Ned

Ha BX0aBl 371€KTPOHHO-CHETHOrO wacToTOMepa,
MMHOYNLCOB — KOHACHCATOPHOTO YacTOTOMEpa, Pe30HAHCHOTO M reTepoHHHON0

YacTOTOMEpa TIOAAHO HaNpPHKEHHE COMKHON (hOpMEI

U(r) = E, sinnw, + E, sin’ moyt

rae £y u E; — aMiuITy 15l COCTARMSIOIIMX HANpaKeHns,

o;=2af,, f =10°Tw 3uavenns E\.E;, n v m nipusefiens! HuKe B tabnuue,
Onpenenuts nokasanns yacToroMepos.
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Oxonvanne Tabnuiibl
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3apaua Ne 5

HaiiTu nokasawus B BOJNBTAX NATH BONBTMETPOB: BOJBTMETPA MOCTOAHHOTO
HanpskeHus noarpynnesl B2, Tpex BONBTMETPOB MEPEMEHHOrO HaNpKeHHs
noarpynnmel B3 - CPEHEBLITPAMICHHBIX, CPCAHEKBAJPATHYECKHX M
AMIUTUTY IHBIX 3HAYEHHH, a TakKe HMIYICHOIO BOMLTMETPa NoArpynnsi B4 nmpu
nojiaye Ha HHMX NEPHOJMYECKOTO HAMPMKEHHA NPAMOYrOAbHOH dopMel ¢
napaMeTpamMH, MpUBEIeHHLIMH B Tabnuue.
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Tabnuua

Ne n/n T, T, T E (B) Ex(B)

1 T 41 51 -1 +4

2 4t t 5t -4 +H

3 41 T 5t |

4 21 31 5t | i 33
5 3t 21 5t = 2

6 2T 31 St +2 3

T 31 2T 5t +4 -1

8 2% 27 41 el ol +4

9 2% 2T 41 +2 -4

10 21 3t 5% -1 +4

11 3T 2T 5t - +1

12 21 3t 5t +1 -4

13 T 41 51 -3 +2

14 41 T 5t -2 +3 |
15 T 41 5t +3 -2

16 3t T 4t +5 3
17 T 3t 4z -3 5
18 3t T 41 -5 +3

19 % Iy 41 +3 -5
20 T 41 5t 2 +3
21 4t T 51 3 42 |
22 T 41 5t +2 -3
23 it X 41 -3 +1
24 T 3T 4t -1 +3
25 3T T 41 +3 -1

3apaua Ne 6
BuiBectn  pacuetHylo  OpMyny M BHMMCHMTH (B TpolienTax)
pesynbTHPYIOUMi  KOY(PHUMEHT  rapMOHMK  BEIXOJHOTO  HaNpiKeHHs

Oxkonyanue Tabanus

Ne papuanta 1 1
Bl— o —

& (5]
b - 0.004 0,002 g
7 0,003 0,003 N
8 0,004 = 0003 |
9 0.005 0,003
10 0,004 0.004
11 0,005 0,004
12 0,006 0,004
13 0.005 0,005
14 0,006 0,005
15 0,007 0,005
16 0,006 0,006
17 0,007 0,006
18 0,008 0,006
19 0,007 0,007
20 0,008 0,007
21 0,009 0,007
22 0,008 0,008
23 0,009 0,008
24 0,01 0,008
25 0,009 0,009
26 0,01 0,009
27 0,011 0,009

Janaua Ne 7

HeNHHEHHOro yCcTpoHcTBa ¢ XapakTepucTHkol Uy = Uy + o Uz“ TP U
FApMOHHMYECKOM BXOZHOM HanpsokeHHH Uy = EsinQt ¢ ammaumrtynoit £ = |IB.
3uavenus o u B 3anansl B TaGNHLE, TAM HKe yKasaHbl uX Pa3MepHOCTH.

MnpH

Tabnwnua
No papuanta 1 1
B 5 u[ﬁ]
1 0,001 0.001 )
2 0,002 0,001 .
3 0,003 0,001
4 0,002 0,002
5 0,003 0.002 -
10

BriBecTH ¢opmyny UIS CKOPOCTH TOC/E[OBATENEHOTO aHallk3a CHekTpa

. [
j= M[Au ], tme Af - monoca uactor 0630pa,t, - BPeMsA M3IMEPEHHs MapameTpoB
T C

cheKTpa B 3To# nojnoce. PaccunTars, B Kakoit nonoce 0630pa MOXKHO HW3MEPHTL
napameTpsl crektpa ananuzatopoM crektpa THrna CK4-56 npu mosnoce ananusa
AF(I'y), CKOpOCTH pa3BepTkH V, 3ajaHHOIl B CEKyHJaxX Ha JeJieHHe, M JUTMHE
passeptku /, pasHoit 10 nenenusm. 3Havenna AF u V npusenensl B Tabnuue.

Tabnuua
Ne papuauTa V (c¢/nen) AF (I'n)

1 50 3

2 5 3

3 1 3 ]
4 0,5 3

5 0.2 3

6 50 10

7 S 10

8 1 10 |




Oxonvanne Tabnun

:.-M.' BAPHAHTA : V (c/men) Ai-'(!'uf‘_
— I en 0,5 1008 1
EESTHRETT 0,2 B 10 |
] 5 =1 30 i
. B i 0
B 0,5 = 30 |
L T 0,2 30
| 15 0.1 = 30
g 1 100 ]
17 0,5 —
18 0,2 100 —
LAV? 19 0,1 00
20 0,05 —'f 100 ]
21 0,2 300 E
2 0,1 300
23 0,05 300
24 0,01 A
L 25 0,005 | 30 ]
3agaua Ne 8

Ha oraensHom nucre B macmmabe | CM/BONIBT MOCTPOMTE BEKTOPHYO
AHArpaMMy CYMMAapHO-pasHOCTHOrO GanaHCHOro ¢asosoro aerexropa npu £, =
2E), T.e. CNOXEHUH H BHIMHTAHHK HaNPAKEHHH C OJMHAKOBBIMK aMILTHTY AAMH, TPH
CABHIe (‘ba’i ¢, 3a]aHHOM B Taﬁ.rmue, H ONpenendTs no AuarpaMme BeIXOjHoe

HanpskeHue nerexkropa U, . Ilpu noctpoeruu p3sTs En %Ez paBHbIMH 7 B,

T-€. MCNOJIB30BaTh [UTHHBI BEKTOPOB 7 CM, YTOBEI macinTab ms  otcuera U,
6611 1 B/em,

Tabauna

P, rpan
0
15
30
45 17 [ 240 ,
50 8 255 |
75 1 270 |

Oxonuauue rabiamim

F Ne papuanTa . rpan Ne Bapuaurta ¢. rpaj
| X 90 20 285
8 105 21 300
i 9 120 2 35
i 10 135 23 330
11 150 24 345
i 12 165 25 360
13 180 26 i5




