3AJIAYA Ne 1 (Iucp 04)
MOBEPKA TEXHUYECKHUX ITPUBOPOB 1 OCHOBBI METPOJIOT M

TexHnuecKuii aMnepMeTp MarHuTO3JIEKTPUIECKON CUCTEMBI C HOMUHAJIBHBIM TOKOM
Iy = 5 A ancnom HOMUHANBHBIX Aenenni oy = 100 nMeer onudpoBaHHbIE JETEHUS OT

HYJIsl 10 HOMHHAJBHOTO 3HAUEHUS, POCTABIICHHBIC HA KA /IO MATON YaCTH MK (CTPEIKH
00€CTOUEHHBIX aMIIEPMETPOB 3aHUMAIOT HYJIEBOE TOJIOKEHUE).

[ToBepka TEXHHUECKOTO aMIIEpMeTpa OCYIIECTBISIACH 00PA3[OBBIM aMIIEPMETPOM TOM
K€ CUCTEMBI.

1. Yka3aTb ycl0OBHsI TOBEPKU TEXHUUECKUX PUOOPOB.

2. OnpenenuTsb MONpPaBKU U3MEPEHUH.

3. [TocTpoutk rpaduk MompaBox.

4. OnpenenuTh NPUBEAEHHYIO TOTPEIIHOCTD.

5. Yka3arp, K KakoMy OyinkaileMy CTaHJapTHOMY KJIacCy TOYHOCTH OTHOCHUTCS JaHHBIN
npudop.

Ecnu npubop He COOTBETCTBYET yCTaHOBICHHOMY KJIacCy TOYHOCTH, yKa3aTh Ha 3TO
0c000.

Hanucars oTBETH Ha BOIPOCHI:

1) Yto Ha3bIBaeTCs U3MEPEHUEM?

2) YUto Takoe Mepa 1 u3MepuTenbHbIN mpubop? Kak oHM moapazaenstorces mo
Ha3HAYECHUIO?

3) Uto Ttakoe norpemHocTh? JlaiiTe onpeaenenne adbCOIIOTHOW, OTHOCUTEIIBHON 1
IPUBEJCHHOM MOTrPEeIHOCTH.

Taomuma 1

AOGcomoTHas
HOI‘peIlIHOCTT)

-0,03 0,05 0,04 -0,08 -0,06

IIpumevanne. AGCOMIOTHAS MOTPENIHOCTD A; B Ta0. 1 yKa3aHa JuIst KaXKJ0T0 OLHU(pPOBAHHOTO ACJICHUS
IIKJIBI [TOCJIE HYJIS B TIOPSIIKE MX BO3pACTaHHs, BKJIIOYasi HOMUHAJIBHBIA TOK aMIiepMeTpa.

1. YcioBust OBepKH TEXHHYECKHUX TPUOOPOB:
- HOMMHAJIBHASI TEMIIEPATYPA;
- HaJTM4Ke TaIOHHOTO prdopa;
- QIIEKTpUYECKas UENb JAJIsI IPOBEPKH.

2. IlonpaBku U3MepEHUi.

AGCom0THas NOrPEeIIHOCTD, B35Tasi ¢ 0OpPaTHBIM 3HAKOM, Ha3bIBAETCS HONPABKOU.
3aHeceM B TabMIly 2 MOMPABKH U3MEPEHUH TSl KaKJ0ro OLM(POBAHHOIO IE€JCHHUS IIKAJIbI
10CJIe HYJIS.

Tabnmma 2
OrmpoBanHbie 1.0 2.0 3,0 4,0 5,0
JIeNeHUs Kb, A
HOHpaBKI/Iu 0,03 -0,05 -0,04 0,08 0,06
u3MepeHuit, A




3. I'padpux mompaBok.

ITonpaBku u3MepeHus oy,

A
0.05T
OnudpoBannbie
JCTICHHS [ITKAJTBI,
0 1 2 3 4 5 6 A
—0.05T

4. OTHOCHUTEIIbHAS TTOTPEIIHOCTD.
OTHOCUTENbHAS TIOTPEUIHOCTh O €CTh BHIPA)KEHHOE B MIPOIIEHTAX OTHOILICHUE a0COIOTHOM

HOTPEIIHOCTU A; K NICTUHHOMY 3HAY€HUIO U3MepsieMoil Benuuunsl [, = [ + 6; (Tabmauua 3).

Tabmuma 3
OmucposaHHbIe 1 o) 3 4 5
JISJICHUS] ITKaJbl, A
OrtHOCHTENBHAS 2,91 2,56 1,35 -1,96 -1,19
IIOTPEIIHOCTb, %0

5. IlpuBeneHHas MOTPEIIHOCTD.
[TpuBeneHHAast TOrPEMIHOCTD Jp7 €CTh BRIPAYKEHHOE B MPOLIEHTAaX OTHOLICHUE a0COIIOTHOM

HOrpeIHOCTH A; K HOPMUPYIOLIEMY 3Ha4eHUIO [;; (Tabmuua 4).

Tabmuma 4
OnudposaHHbIe 1 ) 3 4 5
JICJICHUSI KAJTBI, A
11
PHBCACHHA -0,6 1 0,8 -1,6 1,2
TIOTPEIIHOCTb, Y0




6. Kitacc Tounoctu mpubopa.

Yucio, o6o3Havaromee Kiace, SBisieTcsl HAaMOOJbIIEH PUBEICHHON MOTPEITHOCTHIO Mpudopa
Ha BCEX OTMETKax paboyeil 4acTH ero IIKaJbl.

B 3aBucuMOCTH OT CTENEHH TOYHOCTH 3JIEKTPOU3MEpHTEIbHbIE TprOopsl cornacHo 'OCT
8.401-80 (B3amen I'OCT 13600-68) nensarcs Ha nessars knaccos: 0,025 0,05; 0,15 0,25 0,55 1,05 1,5;
2,5; 4,0.

JlanHbli mpubOp OTHOCUTCA K OMmmKaiiemMy CTaHJapTHOMY Kilaccy TOYHOCTH K = 2.5 .

Pe3ynbrathl pemenus 3a1auu 3anuiieM B Tadauie S.

Ta6muma 5
Ouudponan- [Morpemmoctu Kitacc
No HBIE JICTICHUSA
_— IKATIEL abComoTHas | OTHOCHTeNbHAs | mpuBeaeHHas | 1O THOCTH
A A % % %
1 1 -0,03 -2,91 -0,6
2 2 0,05 2,56 1
3 3 0,04 135 0,8 2,5
4 4 -0,08 -1,96 -1,6
5 5 20,06 -1,19 -1,2




1) H3mepenue — HaXOXKA€HNE 3HAUCHUS] PU3NUECKON BETMUHUHBI ONBITHBIM ITyTEM C ITIOMOIIBIO
CIEIIMAJIBHBIX TEXHUYECKUX cpeacTB. [lox n3MepeHremM noHumaeTcst pouece IKCIEPUMEHTAIbHOIO
CpaBHEHUSI JaHHOH (PH3MUECKON BEIMYMHBI C OTHOPOTHON (PU3UIECKON BETHUNHOHN, 3HAUYCHHE KOTOPOI
IIPUHSATO 33 €AVHHULLY.

2) Mepa — cpeacTBO U3MEPEHUH, NpeHa3HAYCHHOE I BOCTIPOU3BEIeHHSI (PU3NUECKON BEINUMHBI
3aJlaHHOTr0 pa3Mepa. Mepa, BOCIpOn3BOAAIIAs Psii OAHOMMEHHBIX BEJIMUUH PA3IMYHOIO pa3Mepa,
Ha3bIBAETCS MHO203HauHOU. YacTo UCTIONb3yeTCsl HAOOP Mep — CHEUATIBHO MOA00PaHHbBIN KOMIUIEKT
Mep, IPUMEHSIEMBIX HE TOJIBKO OTJENBHO, HO ¥ B Pa3JIMYHBIX COUYETAHUAX JUUIsl BOCIIPOU3BEACHHUS psiaa
OJTHOMMEHHBIX BEIMYMH PAa3INYHOIO pa3Mepa.

H3zmepumenvHuiii npubop — CpeiCTBO U3MEPEHUH, TpeTHa3HauYCHHOE JUIsI BRIpAaOOTKU CUTHAIa
M3MEpUTENbHON HHPOpMAIK B popMe, TOCTYITHON JJI HEMOCPEACTBEHHOT'O BOCTIPUSATHUS
HabmonareneM. M3smepurenbHble MPUOOPHI KiacCU(DUIUPYIOTCS MO pa3IuYHbIM npu3Hakam. Hanpuwmep,
H3MEpUTENIbHBIE MPUOOPHI MOKHO MOCTPOUTH HA OCHOBE aHAIOIOBOM CXEMOTEXHUKU WM LHU(POBOM.
COOTBETCTBEHHO UX JENAT Ha aHAJIOrOBbIe U I (poBbIe. Pan nmpubopoB, BBITyCKaeMbIX
MIPOMBIIIJIEHHOCTHIO, AOMYCKAIOT TOJIBKO OTCUUTHIBAHUE MMOKAa3aHUM. DT TPUOOPHI Ha3bIBAIOTCS
MOKa3bIBAIOIIMMH. M3MepuTenbHbie TpUOOpPHI, B KOTOPBIX MPEIYyCMOTPEHA PErucTpanus NOKa3aHuH,
HOCSIT Ha3BaHUE PETUCTPUPYIOIIHX.

3) Iloepewnocmy SABISIETCS OJJTHON M3 OCHOBHBIX XapaKTEPUCTHUK CPEIICTB U3MEPEHUH.

Toepewnocmuio mepvl Ha3bIBaCTCSI OTKJIOHEHNE HOMUHAIBHOTO 3HAYEHUS MephI (3aJaHHOTO
pasMepa Mephbl), BOCIIPOU3BOIAIICH Ty WIH HHYIO PU3NICCKYIO BEIIMINHY, OT UCTHHHOTO 3HAYCHHUS
BOCIIPOM3BOJUMOM €10 BEJINYUHBI.

[Ton noepewinocmoo 3NEKTPOU3MEPHUTEIBHBIX IPUOOPOB, H3MEPUTEIHHBIX TpeoOpa3oBaTenei u
M3MEPUTENBbHBIX CUCTEM MOHUMAETCSI OTKJIOHEHHE UX BBIXOJAHOTO CUTHAJIA OT HICTUHHOTO 3HAYCHUS
BXOJIHOTO CUTHAJA.

B 3aBucuMoOCTH OT U3MEHEHUS BO BPEMEHHU U3MEPSEMON BEIIMUHHBI, Pa3INYatoTCs CIeIyIONIIe
MIOTPEIHOCTH CPEJCTB U3MEPECHMI:

a) CTaTU4ecKasl MOTPELUIHOCTb — MOTPEIIHOCTh MPH U3MEPEHUN TIOCTOSSHHON BO BPEMEHHU
BEJINYUHBI;

0) AMHAMHYECKas MOTPEIIHOCTh — Pa3HOCTh MEX/Y MOTPEIIHOCTHIO B JMHAMUYECKOM PEXUME U
CTaTUYECKOM NOTPEIIHOCTHIO, COOTBETCTBYIOIIECH 3HAUEHUIO U3MEPSIEMON BEIMUMHBI B JAHHBIA MOMEHT
BPEMEHH.

B 3aBucumocTu 0T Xapakrepa U3MEHEHMsI IOIPEIIHOCTEN CPeACTB U3MEPEHUH pa3InyaroT:

a) CUCTEMaTHUYECKUE MOTPEIIHOCTH — MOTPEIIHOCTH, OCTAIOIIUECS TOCTOSTHHBIMU WU
3aKOHOMEPHO U3MEHSIOLIUECS;

0) ciryyaiiHble MOrPEeIHOCTH — MOTPELTHOCTH, U3MEHSIOIINECS CIIy4aiHbIM 00pa3oM.

B 3aBucuMocTH OT ycn0BHid BO3BHUKHOBEHUS MTOTPEITHOCTEN Pa3InYaroT:

a) OCHOBHYIO MOTPEIIHOCTh — MOTPEITHOCTh CPEJCTB U3MEPEHUIA, UCTIONIB3YyEMBIX B HOPMAJIbHBIX
YCJIOBUSX;

0) JOMOJIHUTENBHYIO MOTPEIIHOCTh U3MEHEHHUSI TOTPEIIHOCTH CPEACTBA U3MEPEHUH, BHI3BAHHOTO
OTKJIOHEHHEM OJIHOW M3 BIIHSIOIINX BEJIMYMH OT HOPMAJIBHOTO 3HAYEHUS WJIM BBIXOAOM 32 MPEIEIIbI
HOPMaJIbHBIX 3HaYEHUH.

Abcontomuas noepewnocms A mpuOoOpa eCTh Pa3HOCTh MEXKY MOKa3aHUEM MPUOO0PA @3y U
WCTHHHBIM 3HAYCHUEM @) U3MEPSIEMOIl BEJTMUUHBI, T.€.

A = aus’M - ad‘

AOCOIOTHAS TIOTPEIIHOCTD, B35Tasi ¢ 00PaTHBIM 3HAKOM, Ha3bIBACTCS HONPABKOLL.



OmuocumenvHas nocpeunocms do MPEICTABISET cO00M OTHOIIECHHE A0COIIOTHON OTPEIIHOCTH
K UICTUHHOMY 3HAa4CHHIO U3MEpsieMO BeTnunHbl. OTHOCUTEIbHAS TOTPEIIHOCTh, OOBIYHO BhIpaXkacMasi B
MIPOLIEHTaX, paBHa

5, =2 100,

a,

Ilpusedennas nocpewnocms Oy €CTh BBIPAXKEHHOE B IPOLIEHTAaX OTHOLIEHHE a0COIIOTHOM
MOTPEIIHOCTH A K HOPMUPYIOILIEMY 3HAUCHUIO df:

5, =2 .100.

Ay

Hopmupylowee 3nauenue — yClI0OBHO IPUHATOE 3HAUEHUE, MOTYIIEe ObITh PaBHBIM:

a) I IpUOOPOB C HYJIEBOM OTMETKOM Ha KParo WIIM BHE IIKAJIBI — KOHEYHOMY 3HAYECHHUIO
Jyana3oHa U3MEpPEHUN;

0) nns mpuOOpoOB, MpeTHA3HAUYCHHBIX U3MEPATH BEIIMYHHBI, UMEIOIINE HOMIUHAIBLHOE 3HAUCHHE, —
9TOMY HOMHHAJIbHOMY 3Ha4Y€HHIO;

B) JUTsI TPHOOPOB, UMEIOIIUX ABYCTOPOHHIOIO IKAJY, T.€. C OTMETKAMH IIKAJIbI,
PacIoyIOKEHHBIMU 110 00€ CTOPOHBI OT HYJIsl, — apU(PMETHUECKOI CyMMe KOHEUHBIX 3HAUYCHUH AUana3oHa
U3MEPEHUM.

ITomumo YKa3aHHBbIX, HauoOoee pacnnpoCTPaHCHHBIX HOPMUPYROIINUX 3Ha‘leHI/II71, BCTPECYAKOTCA U
APYruc, yCTaHaBJIMBACMBIC B CTaHAAPTAX HAa OTACIIbHBIC BUABI HpI/I60p0B.

HpI/I YCTaHOBJICHUU KJIACCOB TOYHOCTH HpI/I60pOB HOPMHUDPYCTCA MPUBCACHHAA ITOTI'PCIIHOCTD, a HE
OTHOCHUTCIIbHAsI. HquHHa 9TOI'0 3aK/II04YacTCsA B TOM, UYTO OTHOCHUTCJIbHAA IMOTPCIIHOCTL 11O MEPC
YMCHBIICHUS 3HAUCHUI I/I3Mep$IeMOI>’I BCJIMYNHBI YBCIIMUNBACTCH.



3AJAYA Ne2

N3MEPEHUE TOKA U HAITPSIOKEHUA B LEIIAX TIOCTOSAHHOI'O TOKA

N3mepurtenbupiit MexanusM (MM) MarHUTOSJIEKTPUYECKON CHCTEMBI paCCUNUTaH Ha TOK
I v nanpsokenue Uy v MMEET MIKAy Ha Oy NEJICHUN.

1. CocTaBuTh CXE€My BKJIKOYEHHS U3MEPUTEIBLHOTO MEXaHU3Ma C LIYHTOM M J1aTh BBIBOJ
bopMyIIBI 77y

2. OnpenenuTb MOCTOSHHYIO U3MEPUTEIBLHOTO MEXaHUu3Ma 1o TOKy Cj, BEIMYUHY
COTPOTHUBIICHUS IIYHTA 7777 TOCTOSIHHYIO amriepmetpa C'7, eCiii STUM NPUOOPOM HYKHO
U3MEPSTH TOK /.

3. OnpenenuTh MOUTHOCTb, TOTPEOIIIEMYIO aMIIEPMETPOM MTPH, HOMUHAIBHOM 3HAYCHUN
TOKa [

4. CocTaBUTb CXEMY BKIIOUCHHUS U3MEPUTEIIBHOTO MEXaHU3Ma C 100aBOYHBIM
COTNPOTHUBIICHUEM U JIaTh BBHIBOA (POPMYITBI rr.

5. OnpenenuTs NOCTOSHHYIO U3MEPUTEIHHOIO MEeXaHu3Ma 1o HanpsbkeHuio Cy,
BEJIMYMHY 100aBOYHOIO CONPOTHUBIECHUS 77 U IOCTOSABIIYIO BoabT™MeTpa C'y, €cam 3TUM
puOOpPOM HYKHO U3MEpSITh HampsbkeHue Uy.

6. OnpenenuTs MOUTHOCTD, HOTPEOIIEMYIO BOIBTMETPOM ITPU HOMUHAJIBHOM 3HAaYEHUHU
HanpspokeHus Uy.

Hano: Upr = 0.075B;1; = 0.015A; apy = 150 nen; Uy = 30B; Iy = 1.5A.

Pemenne
1. Cxema BKIIIOYEHHS H3MEPUTEIHLHOTO MEXaHH3Ma C IIYHTOM (puc. 1) u BBIBOA POPMYIIBI

g

7

UM
Iy Iy

Puc. 1. CxeMa BKIIIOUEHUS U3MEPUTEIIBHOTO MEXaHU3Ma C IIIYHTOM

BreiBog popmynsl ryyy

7 v " Tw
It U, ry + 1y It Ty
u - - H
ry ry vy 1y
r, +r 1 7
u Ty Ho_ p. Ho—p_;
Fir I, T
r
_ u .
Yy = ;
n-—1

rjie 7 - KOOPUIMEHT ITyHTUPOBAHHMS.



2. Onpenenum NOCTOSHHYIO U3MEPUTEIBHOTO MeXaHu3Ma 0 ToKy Cj, BETUUUHY
COIPOTHUBIICHUS ILIyHTA 777 TIOCTOSAHHYIO amnepMmeTpa C'7, eciy 3TUM IpruOOpOM HyKHO
U3MEPSTH TOK /.

I 0.015

c -dr _ 2200001 Algen:
" 150
15
petn o 2 00 ;
70015
0.075
rhzl]]_ff: Tors =5 Om:
. .
5
o=t = 0.05051 Owm;
w = 100 — 1
1.5
o =dn _ 2 _ 001 Algen:
", 150

3. OnpenenrmM MOUTHOCTb, MOTPEOISIEMYIO aMIIEPMETPOM MPH, HOMUHAIBLHOM 3HAYE€HUU
TOKa /.

Ty
v, r 5 VH. 1 5
2 2 —
P, =1, -R=1," "M (], .nf—"2=2 =1 r, -n=U,I, n
Ty + 1y "
ry +
n—1

P, =U,I, -n= 00750015100 = 0.113 Br.

4. CxeMa BKIIIOYEHUS H3MEPUTEIHHOTO MEXaHU3Ma C JJ0OABOYHBIM CONPOTHBICHUEM
(puc. 2) v BBIBOJ hOPMYJIBI 7.

Un

Un

I 47| rn

— {1+

Puc. 2. Cxema BKIIIOUCHHSI ©3MEPUTEITHHOTO MEXaHU3Ma C JJ00aBOYHBIM
COTPOTUBIICHUEM



rp =1, (m=1).

5. OnpenenyiM NOCTOSTHHYIO H3MEPUTEIFHOTO MeXaHu3Ma 110 HanpspkeHuto Cy,
BEJIMYMHY J00ABOUYHOT'O CONPOTHUBIIEHUS 777 U OCTOSABILYIO BoIbTMeTpa C'y, €Clii 3TUM
pruOOpPOM HY)KHO U3MEPSITh HanpsikeHue Uy.

0.075
c,=Yn - =22 -00005 Bluex;
a, 150
30
m=n T _ 400 :
U, 0075
0.075
I, 0.015
rp=ry(m=1)=  5(400 - 1) = 1995 Ow;
U, 30
R ; S - = 0.2 B/,Z[e.]-[;
C a, 150

6. Mo1iHoCTb, moTpebdiiieMas BOJIbTMETPOM ITPU HOMUHAIBHOM 3HAYEHUH HATIPSKEHUS

v, (U, my U m u,’

R Py trg,  rytr,(m=1) r,

m=U,I,  -m;

P, =U,I,-m= 00750015400 = 0.45 Br.



SAJAYA Ne3

METO/IbI 1 HOTPEITHOCTH SJEKTPUYECKUX U3MEPEHUI

st u3MepeHust COpOTUBIEHUS! KOCBEHHBIM METOJIOM HCIIOJIb30BAIIUCH JIBa MPHOOpa:
amMIIepMeTp U BOJBTMETP MarHUTOIJIEKTPUIECKON CUCTEMBI.

H3mepenne conpoTUBICHHS TPOU3BOIMIOCH TPH Temnepatype °C nmpubopamu IpyIIsl
A, b unu B.

Onpenenurs:

1) BenmuuuHy CONPOTHBIICHUS 7', IO TTIOKa3aHUSAM ITPUOOPOB M HAYEPTUTH CXEMY;

2) BEIMYMHY COTPOTUBIICHHUS ¥, C YIETOM CXEMBI BKIIIOUEHHS TIPHOOPOB;

3) HanOoIBIINE BOZMOKHBIC (OTHOCUTEIBHYIO %, M aOCOTIOTHYIO A7) IOTPEIIHOCTH
pe3ysbTaTa H3MEPEHUS STOTO CONPOTHBIICHNUS;

4) B KaKUX MPCACIaxX HAXOAATCA ﬂeﬁCTBHTeHBHbIe SHA4YCHUSA U3MECPACMOI0
COIPOTHBIICHUSL.

Jano:
1) naunsie BabT™eTpa Uy = 300B; 1, .. = 0.0075 A; Yy = 0.5%, U = 240B;
2) nanubie amnepmerpa Iy = 0.3 A; Uy, . = 0.027B; Y4 = 1%, 1 = 0.2A;

3) IIpubops! rpynmns b; ¢ = 10 °C.

Penrenune

1. OmpenenyM BETMYNHY CONPOTHUBIICHHS 7'y IO TIOKA3aHUSAM PHOOPOB M HAYEPTUM
cXeMmy BKIItoueHus npubopos (puc. 1, 2).

[TpubnuxeHHOe 3HaYeHHE COMPOTUBIICHUS COTIacHO 3aKoHy OMa ompeesuTes: Kak

o U2 s 10% ou
0.2

[Tpu u3mMepeHuu COpOTUBICHUS METOAOM ABYX MPUOOPOB - aMIIEpMETpa U BOJIbTMETPA,
MPUMEHSIOTCS JIB€ cXeMbl (puc. 1 u puc. 2).

’

S

X vV

IlepBas cxema (puc. 1) ucrosnb3yercs B Tex ciydasx, Koraa . < o
A

X

ryv
1
Iy
rx
—.—
U

Puc. 1.



!

rx >rV

Bropas cxema (puc. 2) ucnonb3yercs B TeX clydasx, korga —* > -V
!

X

ry r

Vv
V4
7. I
—— A
Ur I‘I"A
U
Puc. 2.

2. BennunHa conpoOTUBIICHHUS 7, C YI€TOM CXEMbI BKIIOUYEHHS PUOOPOB.

Haxomnum
0.027
po=Ume o =L 2 009 Ow;
I, 03
300
pooYn = 40000 Owm;
reT 0.00
Tak xak
© 1200 40000
e o 220 q33x10% o T 2333
r,  0.09 r 1200

TO BBIOMPAaeM cxeMy puc. 2.

U =U~-1-r;
u U-I-r, U
ro=—t=——4d=—yp =
1 1 1

240 -0.09 = 1199.9 Owm.

0.2

10



3. HanbGonbimme BO3MOXKHBIE (OTHOCUTENBHYIO ¥, M a0COTIOTHYIO Ar) IOTPEITHOCTH
pe3yibTaTa U3MEPEHUS 3TOTO COMPOTUBIICHHS

OTHOCHUTEIbHAS MTOTPEITHOCTh U3MEPEHUS TPHUOOPOB

1) nst BombTMETpA
+y, =20.5£04=+09%
2) ns amriepMerpa
ty,=+1+08=+18%

OTHOCHUTENbHAS IOTPEIIHOCTh PE3yJIbTaTa U3MEPEHUS CONPOTUBIICHHUS TPU KOCBEHHOM
METOJIe U3MEPEHUS

Uy Iy
Ty, =xry 2y, :i7V7i7A7:
300 0.3
=+09-—+ 1.8:—=+3.825%
240 0.2

AOGCOIOTHAS OTPEIIHOCTh Pe3yIbTaTa U3MEPEHUs COMPOTUBIICHUS

s Ve 2385103 — £ 4590
100% * 100

4, HeﬁCTBHTeHBHBIG 3HAUCHUSA U3MEPACMOIr0 COIMMPOTHUBIICHUA HAXOAATCA B ITpeaciiax

— < <
Ty Ar_rx_rx+Ar

1154.0 < r,. < 12458 Owm.

11



3ATAYA Ne 4

U3MEPEHUE AKTUBHOM MOIIHOCTH B LIEIISIX TPEX®A3HOI'O TOKA
Jnst m3MepeHrst akTUBHOM MOIITHOCTH TPEXITPOBOIHOM IEMHU TpeX(pa3HOTo TOKa C
CUMMETPUYHOUN AKTUBHO-UHIYKTUBHON HArpy3KOU, COEUHEHHON mpey2oibHUKOM,
HE0OXOAMMO BHIOpATh JIBa OJIMHAKOBBIX BATTMETPA C HOMHUHAJIBHBIM TOKOM /7, HOMUHAJIBLHBIM
HanpsbkeHneM Uy ¥ 4MCIIOM JAETICHHN IKabl o = 150 ne.

1. ITo maHHBIM BapuaHTa Ui HOPMAIBHOTO PEXHMa PAOOTHI ICTIH:
a) HAaUCPTUTDH CXEMY BKIIIOUCHUA BAaTTMETPOB B LICTIb,
0) ToKa3aTh, YTO AKTUBHYIO MOIITHOCTh TPEXITPOBOIHOM IIeNH Tpex(a3zHoro ToKa
MOKHO INPCACTABUTH B BUAC CYMMBI JIBYX CJIaraCMbIX;
B) IOCTPOUTH B MacIlITade BEKTOPHYIO IMarpaMMy, BbIJIEJINB HA HEMl BEKTOPHI
HATNPSOHKCHUN ¥ TOKOB, TIOJ] ICHCTBUEM KOTOPBIX HAXOATCS MapaslieIbHbIC U
II0CJICI0BATCIIbHBIC OGMOTKI/I BAaTTMCTPOB;
T') ONIPENIEIUTh MOIITHOCTH P 1 P,, m3MepsieMble KaKIbIM U3 BATTMETPOB;

1) OTIPENIEIUTh YNCIIO JIEIEHUH Kbl & U O, Ha KOTOPbIE OTKJIOHAIOTCS CTPEJIKH
BaTTMETPOB.

2. Ilo maHHBIM BapHaHTa NP 0OPBIBE OJJHOM (ha3bl IPUEMHHUKA SHEPTHH:
a) HAYEePTUTh CXEMY BKJIFOUEHUS BATTMETPOB B LICIIb;
0) IOCTpOUTH B MaclITade BEKTOPHYIO IUArpaMMy, BBIICIIHB 112 Heil BEKTOPHI
HaIpsHKEHUN U TOKOB, MOJ ACMCTBUEM KOTOPBIX HAXOATCS NapaJuIeIbHbIE U
nocjeioBaTeabHble 0OOMOTKH BaTTMETPOB;
B) OIIPEAEIUTh MOUTHOCTHU P| U P,, n3MepsieMble KaKJIbIM U3 BAaTTMETPOB;

I') OIPEAEIIUT YUCIIO JEIEHNUHN MIKAJIBI O U O, HA KOTOPbIE OTKJIOHSIOTCS CTPENIKU
BaTTMETPOB.
PesynbTathl pacueToB 3amucarth B Ta0mI. 1.

IMpumeyanue. 3a1aHHAs TPEXIPOBOHAA LIENb TPeX(Pa3HOro TOKa NPEACTABIIET CO00IT COeANHEHNE TPEX HEIOBHUKHBIX
MarHUTHO-HECBSI3aHHBIX KaTyIIEK

Hano: S = 3200B-A; cos¢ = 0.82; Ug, = 380 B; cxema BKIIOUEHHS - MPey20bHUK;

nocjeoBaTelbHble 0OOMOTKHM BaTTMETPOB BKIIIOUEHBI B IpoBoJia B u C; 00psIB ¢a3el BC.



1. Ilo naHHBIM BapHuaHTa [yl HOPMAJIBHOIO PeXHUMa PaOOThI LETH:
a) HAaUepPTHUM CXeMY BKIIIOUEHUS BATTMETPOB B Liemb (puc. 1).

EA A
Ia

O
—

Ep
Ec

NOaam

:Ul

Puc. 1. Cxema BKJIIOUEHHS] BATTMETPOB B LIETIb.

0) TOKaXxeM, YTO aKTUBHYIO MOIIIHOCTh TPEXIPOBOAHON 1T TPEX(Pa3HOTO TOKA MOKHO
NPEJICTaBUTh B BHJIE CYMMBI JIBYX CJIaracMbIX.

[Tpu paBHOMEpHOW Harpy3Ke BHE 3aBUCIMOCTH OT CIIOCO0a COSTMHEHUS B 3BE3/y WIH
TPEYTOJILHUK TIOJTHASI MOITHOCTb S, aKTUBHASI MOIIHOCTh P, peakTHBHAsI MOIIHOCTh () 1enu

S=A3U,1,=3U,1,;
P =Scosg;
0 = Ssin g.

st enm (puc. 1)

P=PuptPpctPcu=
SUyplyg TUpe lpe TUy Iy = {MAB tUpge YU = 0}:
=Uyp iy T (CUyp —Uey) ipe Ty ley =

=5 (ipe —igp) Fe iy —ipc) =Upy iyt ic =Py + P
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B) ITOCTPOUM B MaciiTade BEKTOPHYIO AUarpaMmy (puc. 2), BHIICIUB Ha HEH BEKTOPBI
HAIPSHKCHUH W TOKOB, TIOJ] ICHCTBUEM KOTOPBIX HAXOJATCS Mapajlie/IbHbIC U
MOCJIeI0BaTeIbHBIC OOMOTKH BaTTMETPOB

Puc. 2. BexropHas nuarpamMma TOKOB U HAIPSIKEHUM
(1 nem=50B, 1 nen=1.25 A).

') MOIIHOCTH P u P,, u3MepseMble KaXX/IbIM U3 BATTMETPOB.

JI71s1 CHMMETPUYHOTO mpey20ibHUKA

3
3.2 10
=S = 22X _ 4862 A
J3U,  4[3-380
4.862
I, =to_ - 2807 A.

a



¢ = arccos(cos §) = arccos(0.82) = 34.915 °

P =U,I,cos(¢+30")= 380-4.862-cos(34.915° +30°) = 783 Br

P,=U,I,cos(¢—30")= 380-4.862-cos(34.915°-30°) = 1841 Br

P=P,+P,= 783 + 1841 = 2624 Br

P =S-cosg=3200-0.82 = 2624 Bt

2

1) 4MCJIO JEJICHUH KAkl &) U ,, HA KOTOPBIE OTKIOHSAIOTCS CTPEJIKUA BATTMETPOB

IMOCTOAHHAs BaAaTTMETpa:

600-5
g a, 15
783
alziz e :39 I[eJ'I,
c, 20
1841
(04 :iz — = 92 €I,
2 C, 20

2. npu o6priBe hazpl BC mprueMHUKA SHEPTHH:
a) CXeMy BKJIFOUCHHS BaTTMETPOB B IIeTb W300paskeHa Ha puc. 3.

EA A
Es B
@) 0—@ /Z/ 4

UCA

:U1 I

E CA
C C I
C
> @

Puc. 3. Cxema BKIIIOUCHHsI BATTMETPOB B IIeTh Ipu 00pbiBe (pa3br BC.
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0) BekTOpHast nuarpamma (puc. 4).

e

A+

j—

¢ ! + sz

Puc. 4. BextopHas nuarpaMma TOKOB U HaNpsiKEHUN
ipu o6peiBe ¢azpl BC
(1 nen=50B, 1 nen=1.25 A).

B) MomHoCcTH P’} u P', n3mepsieMbie KaXIbIM U3 BATTMETPOB

! . o ’ . o
_ _ j150°, _ _ —j150° ,
U,=U,=U,e ; U,=-U_z=Uje 5
! !

— — J(150°-¢). — — Jj(30°—¢) _ J(210°-¢) .
Ly=1ci=14e s Ly=—Lp=—1,e =1,e ’

Pl=U'llcos(4)=  380-2.807-cos(34.915% = 874.7 Br

P =UILcos(#)= 380-2.807-cos(34.915% = 874.7 Br

P'=P+P = 8747+874.7 = 1749 Br
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Pe3ynbraThl pacueTos

Tabmuma 1

Emnunna PesynbTaTh!
HanmeHoBaHue BeIMYMH
U3MEPEHUs pacueTa
MomsocTs nenu P Br 2624.,0
Jluneitnoe nanpskenue Un B 380
Jluneitnplit Tok /71 A 4,862
HoMuHanbHOE HaNpsKEHNE
P 600
BarMeTpa UH
HoMunanbHbIN TOK
. A 5
" |BatmMeTpa [H
g Mocrosnuas Batmetpa Cp Br/zien 20
= |Mowmmnocts, uamepsiemas
> HSMED Br 783,3
HepBEIM BaTIMETPOM P 1
MoutHoCTh, U3MepseMas
N P Br 1840,7
BTOPBIM BaTTMETpOM P2
Yucno aenennii wkaasl &, nien 39
YKCII0 JeTeHNUIT WKl (L, nen 92
Mo1HOCTE, U3MepseMas
> MEP Br 874,7
HepBEIM BaTIMETpOM P 1
MOIIHOCTb, U3MepsieMast
D HHHOCTD, TEMEp Br 874,7
= |BTOpBIM BaTIMeTpoM P2
o
= |Yucno menenumit mkamsr & nen 44
UucIio JeNeHuit Kambsl ¢, el 44
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3AJJAYA No5
U3MEPEHUE PEAKTUBHOM SHEPT' UM B LEMSIX TPEX®A3HOI'O TOKA

CummeTpuuHbIi Tpex(a3HbIil MPHEMHUK AJIEKTPUYECKON SJHEPTUHU COSIMHEH 10 CXeMe
36e30a.
Hanpsioxenue Ha ¢aze npuemuuka U g.

AKTHUBHOE ¥ UHIYKTUBHOE COMPOTHUBIICHUS (ha3 MPUEMHHUKA COOTBETCTBEHHO PABHBI 7', X p-

B nens npreMHMKa BKIFOYEH OJJTHOJIEMEHTHBIN CYETYUK AKTUBHOW SHEPIUM IS
U3MepeHus peakTuBHOM sHeprun. [locnenoBarenpHas 0OMOTKa cyeTUrKa BKIOUYeHa B ipoBoa C
Tpexdas3Hoi nenu.

[TprieMHHK 3JIEKTPUUECKON SHEPrUU paboTaeT HeMpepbIBHOE BpeMs 1.

1. HauepTuTh cxemy BKJIIOYEHUS CYETUUKA B COOTBETCTBUU C IaHHBIMU BApUAHTA,
CENIaTh Pa3METKYy T€HEPATOPHBIX 32)KMMOB €0 0OMOTOK.

2. Onpexnenuts IUHEHHOE HanpsbkeHue Uz, TUHEHHbIH TOK [7,. KOAQPHUIHEHT
MOIITHOCTH COS@ U YOI .

3. Iyt 3a1aHHOM 1eTH TIOCTPOUTH B MacITabe BEKTOPHYIO TMarpamMmy, BBIJICIUTh B HEH
BEKTOPBI HAPSKEHUS M TOKA, MO IEUCTBUEM KOTOPBIX HAXOAATCS NapaijieibHas U
MOCJIeI0BaTbHAsI OOMOTKHY CYETUMKA.

4. Tlonp3ysch BEKTOPHOW JUarpaMMoOu, JOKa3aTh, YTO CUETYUK, BKIFOUEHHBIN 110 TaKOH
cXeme, U3MepsieT PEaKTUBHYIO SHEPTHIO.

Onpenenuts pacxo] PpEakKTUBHOW SHEPIUHU, YIUTHIBAEMOUW CUETUUKOM 3a BpeEMA 1.

5. [logcunTtats 3a Bpemsi { pEaKTUBHYIO SHEPTUIO BCErO MPUEMHUKA.

6. Haiit yncieHHOE COOTHOIIIEHNE MEXKIY SHEPTHEH, YIUTHIBAEMOM CUCTIYMKOM, U
SHEpruer NpueMHUKa.

Hano: ¢ = 404; Ug = 220 B; rgp = 150m; xg = 20 Om.

1. Cxema BKITIOYEHHS cueTdnka (puc. 1).

!

UAB

vy,
<t

1
9

\TKO

Puc. 1.
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yroi 4.

2. Jluneitnoe HanpspkeHue U ;, TMHEHHBINA TOK /77,. KO3 PHUITMCHT MOIITHOCTH COS@P U

U, =3U, = V/3-220 = 380 B;

ComnpoTuBiieHuEe Z CUMMETPUYHOM 3BE3]1bI
Z=r, +x," = 152420 =25 Owm.

JIMHEHBIN TOK Yyepe3 CONMPOTUBIICHUE Z CHMMETPUYHOM 3BE3/1bI

I =1 —U_<D_ @:88
]]_(D_Z_ 25 ’

Koaddumument momuoctu

n_ 1 6

Jr.t+x,t 2

cos @ =

da3za
¢= arccos(0.6) = 53.13 °

19



3. Bexropnas nuarpamma (puc. 2).

Puc. 2. BexropHas nuarpaMmma TOKOB U HalIPsKEHUI
(1 nen=50B, 1 nen=2.5A).

ITokazanusa cueTynka

—

Oy =U L cos(U 1) =U 1, cos(30° —(120° —¢)) =
=U,1,cos(-90"+¢)=U I, sin¢g

PeakTuBHast SHEprus cueTyYnKa
0, =U,I,sing= 380-8.8-sin(53.13% = 2.68x 10° Bap.
Pacxoj peakTHBHOM HEPIHH, YUUTHIBAEMON CUCTYMKOM 3a Bpems ¢ = 40 g

A,,=Q,t=2.6840 = 1072 kBap-u

20



5. PeakTHBHAs SHEprUs BCEro NpUEeMHHUKa 3a BpeMs ¢ = 40 g

0=3U,I,sing= 3220-8.85in(53.13° = 4.646x 10° Bap.

A=0t=4.646:40 = 185.8 kBapu

6. UnciieHHOE COOTHOIICHUE MEXKITY DHEPTHUEH, YIUTHIBAEMOU CUECTIMKOM Ay, U
SHeprueil npueMHuKa A

A 1858

i 3

A 1072

cY
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3ATAYA Ne6
BbIBOP U3MEPUTEJIbHOM ATIITAPATYPBI

B BBICOKOBOJIBTHOM TPEXIPOBOAHOM 1EMHU TpeX(a3HOTo TOKa HEOOXOAUMO U3MEPHTD
JMHENHBIE TOKH, IMHEHHOE HanpsKeHue, K03 (GUIMEHT MOLUTHOCTH LENH U PacXo/ aKTUBHOU
SHEPIrUU BCEM LEIH.

[TomoOpaTh 1y1st 3TOH 1eNH JIBa H3MEPUTENNBHBIX TpaHncopmaTopa Toka (UTT), nBa
U3MepUTENbHBIX TpaHchopmaTopa HanpspkeHus (MTH) u noakirounTh K HUM ClleAyIolue
U3MEpPUTENIbHBIE TPUOOPHI: IBa aMIIEpMETpa IEKTPOMArHUTHON CHCTEMBI; ABa OHO(A3HBIX
MHIYKIUOHHBIX CYETYMKA AKTUBHOM SHEPIUH; OJIMH TpeX(a3Hbli (a30MeTp MEKTPOMAarHUTHON
WM JIEKTPOAMHAMHUYECKON CUCTEMBI; OAWH BOJIBTMETP 3JIEKTPOMAarHUTHOM CUCTEMBI.

Paccrostaue ot Tpancdopmaropa 10 u3MepuTenbHbix mpubopos | = 20 M (mpoBos

MenHbl p = 1.72-10 8 OwMm'M, ceuenrem S = 2.5-10 6 M%), HOMHHAJIBHOEG HaIpsKEHUE CETH
Uq = 15000 B u nuneiinbii Tok 1 = 20 A. Hauepruts cxemy Brmrovenus UTT nu UTH B

IIeTIb, @ TAKXKE ITOKA3aTh MOAKIIOYCHHE K HUM BCEX U3MEPHUTEIbHBIX IPUOOPOB.
BrimonauTs pazmetky 3axumMoB oomotok MUTT, UTH, cueTunkoB u ¢azomerpa. [lokazats
3azemuienne BTopuuHbix oomotok UTT u UTH.

x X
L w
®| % % w
S IO
a Xz 2 ll .
— L} ‘
I
YT 1L
—' =
Uy s
3
o
Q
T
x n
: )
S
X ny Ty 1
5
- S
Q LS‘
2

Puc. 1. Cxema nu3mepuTenbHON 1Ienu

ITpu nondope n3MepUTENBHBIX TPAHC(HOPMATOPOB TOKA HEOOXOIUMO YUUTHIBATh, YTO IS
oOecrieueHHst MPaBUIBLHOCTH UX PabOThI 001Iee CONMPOTUBIEHUE BCEX MMPOBOJOB M OOMOTOK
pruOOpPOB BO BTOPUUHOM LIENIN HE IOJKHO MPEBBIILIATh HOMUHAIBHON Harpy3ku. HoMuHanbHOI
Harpyskoi TpaHcopMaTopa TOKa Ha3bIBaeTCA HauOOJIbIIEE COIPOTUBIIEHHE, HA KOTOPOE MOXKET
OBITh 3aMKHYTa BTOPUYHAsi OOMOTKA MPH YCIOBUH, YTO MOTPEITHOCTH €r0 HE MPEBBICHIN
JIOITyCTHUMBIX 3HaYEHUM.
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H . A Kos ¢ pumment
T OMHHAJILHBIN TOK, Knacc Homunanshas MOTIHOCTH,
— — TOYHOCTH | Harpy3ska, Om cos @
NEepPBUYHBI | BTOPUYHBIN
ns12 | 0,5-3000 5 0,05 0,6 1

Br160op TpanchopMaTOpOB HANPSKEHHS IPOU3BOAUTCS MO UX JIOIYCTUMOM
HOMUHAJIBHOW MOLITHOCTH. Takum 006pa3oM, K TpaHC(POPMATOPY HAIPSKEHUS MOKHO
MOJKJTFOYUTH TAKOE KOJIMYECTBO MPUOOPOB, IIPH KOTOPOM X MOILTHOCTH ITPH HOMHHAIBHOM
HaANpPSDKEHUHU He MPEBbIIIaeT HOMUHATBHONW MOIIIHOCTH TpaHcpopmaropa.

HomunansHoe K HomunansHast Koo puument
Tun HarnpsDKCHUE ace MOIIHOCTb Harpy3Ku MOIIHO CTH,
TOYHOCTH N BA cos ¢
nepBuyHoOE, KB| BTOpuuHOE, B BTOPUYHOMU LCIIH,
ns10 15 100 0,1 15 0,8-1

ComnpoTuBiieHHE TPOBOJAOB

_ 20
R=2.pt - 2472u)&————g=025 Owm.
5 2510
N3mepurtenbHbie TPUOOPHI
Homunansubie HoMuHaBHAS HomMuHaneHOE CONPOTUBIICHNE
Tun BEJIMYHHBI Krmace 06J1aCTb YacToT, o6MoToK, OM
TOYHOCTHU
TOK, A | Hanpsokenue, B I'n MO CJIeI0BAaTENbHOM | TapajuiesibHO I
Ammnepmerp
5 - 0,5 40-100 0,008 -
2514/3 ’ ’
BoasT™meTp
- 150 0,5 40-60 - 20000
2515/3 ’
C4eT4nkK OqHO-
5 127 2,5 50 0,08 10700
dazubiit CO-2M2 ’ ’
®dazomeTp Tpex-
($azHOTO TOKA 5 127 1,5 50 0,12 2500
J1120
0,2 1840
CrpoTHBJIEHHE IPOBOIOB 0,3
Hroro 0,5 <0,6 Om
Tox B 00OMOTKe TpaHchopMaTopa
100
=9 - 2 _005 A
R 1840

MontHoCTb I[P HOMHWHAJIbHOM HallPsKCHUU

P=U-l1= 100-0.05 =5 < 15B-A.
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