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1. OMMETPbI

OmMerp — npuGop [Jst H3MepEeHHUs CONPOTUBJEHHA — fB-
Jafercs, noxaJjyH, Haubosee HEOOXONHMBIM NPUGOPOM B pafHO-
JI0OuTENbCKON npakTHke. OMMeTp MOXeT GBbITb H3TOTOBJEH H3
MUJTHAMIIEDMEeTPa HJIH BOJBTMETPa MarCHHTOJNEKTPUUECKOIO TH-
na (BOJBLTMETDP NDH 3TOM JAOJNKeH ObITh IpeBpallleH B MHJLIH-
aMIepMeTp NpoCTHIM yAajieHHeM H3 Hero R0GaBOYHEIX CONPOTHB-
nenuit). Takue ppuGopsl Jerye AOCTaTh W CTOST OHH JelIeBJE
omMerpoB. Kpome MuasinamnepmMerpa AJIl H3NOTOBJEHUsS OM-
MeTpa HYXHO UMeTb OaTtapelo (0ObIYHO NpHMeHsleTcst cyxas Ga-
Tapes), lepeMeHHOE § NOCTOSIHHOE CONPOTHBJIEHHUE.

Boibop npubopa 0an useorosienus ommerpa. Muanuamnep-
MeTp I H3I'OTOBJIEHUSI OMMeETpa JOJIXKeH BhIOHPaThCs H3 COO0-
paxeHHH HeoOXOMHMONO MNpefena U3MepPeHHs CONPOTUBJEHHH.
H3aroroButs npocToii oMMeTp, LalOIH# BO3MOKHOCTD H3MEPSAThb
C OXMHAKOBOH TOUHOCTBIO M CaMble GOJILIIME H CaMble MaJble CO-
NpPOTHBJICHHS, 3aTpyAHMTeabHo. Ecin, Hanpumep, mo IIKaje OM-
Merpa MOXHO OyJeT C YAOBJETBOPHTEJBbHOH TOYHOCTHIO OTCYH-
TBIBAaTb COMNDOTHBJIEHHSI A0 HECKOJIbKHX MEroMOB, ¢ [IOMOIIBIO
ero yxe HeJb3 H3MepSATbh CONPOTHBJIEHHUS MAaXe B HECKOJbKO
coren omoB. HaoGopor, oMMerpoM, HalOIIHM BO3MOXHOCTb XO-
pOILO H3MepATh CpPaBHUTENbHO HEGOJBIING CONPOTHBIEHHS, He
YEacTCsl MEpUTh CONPOTYUBICHHS YXKe€ BEJHYHHOH B COTHM ThICAY
OMOB, €CJIH H® YCJIOXHHTb CcXeMbl OMMeTpa (DpPHMeHeHHE He-
CKOJIbKHX HCTOYHHKOB NMUTAHHA H T. IL).

Jlnsi H3roToBJeHUs OMMeTpa, NnpelHa3HauY€HHOTO JJIsl H3Mepe-
HHSL GOJIBLINX CONPOTHUBNEHHI!, HEOOXOAUM UYBCTBHUTENIbHBIH ralib-
BawmoMmerp. Tak, HampuMep, UMesi rajJbBaHOMET)D, HAOUIHH MONIHOE
OTKJIOHEHWe CTpeNKH mpH cuje Toka 50—100 mxa, moxuo che-
JIaTh OMMETP C [peXesoM. usMepeHua o 20—10 m2om, ecau
npuMeHuTb 8 oMMerpe Garapeio tuna BAC-80 wiu BAC-60; npu
ONHOJ-ABYX KapMaHHHIX OarapefiKax MOXHO H3MepsiTh CO-
npotuBJennss He Goviee 1—2 meom. Haumenbluue compoTuBJe-
HHfl, KOTODHE MOXKHO JOCTAaTOYHO TOYHO H3MepSATb TaKUMH OM-
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MeTpaMu, 6yIyT COOTBETCTBEHHO HECKOJLKO JECATKOB THICAY OM
npy HCnosb3oBaHuK Gataper Tuna BAC H He MEHbIE HECKOJb-
KHX TBICAY OM npu pabore ¢ GatapelikaMu KapMmMaHHoro (oHaps.
[TpennoururenvEee NpUMeHeHHe rajJibBAHOMETPOB <CO lIKajJaMH
6oablIONO pa3Mmepa, TakK Kak MO HHM MOXHO IIPOH3BOLUTH GoJiee
TOYHBEIE OTCUETHI.

YyBcTBUTEIbHEIE FaJbBaHOMETPHl He BCErga yaacTcsl LOCTaThb
paanosoGuremo. Bosee DOCTYNHBIMH SBJSIOTCS MHJIHAMIIEp-
MeTphl (HWJIH BOJLTMETPHI), Jalollie MOJHOE OTKJIOHEHHE CTPEJKH
IPH OTHOCHTEJbHO OOJNBIIHX 3HAYEHHSTX MPOXONSIULUX Yepe3 HUX
TOKOB, H C TaKMMH NpHGOpaMH MOXKHO H3TOTOBHTb NPH peajibHO
NPUMEHHMBIX B DaJHOTIOOUTENBLCKOH INPaKTHKe HampsXKeHHsX
OMMeTpHl [JIs1 H3MEpeHUH CONPOTHUBJIEHHS COOTBETCTBEHHO MEHb-
mux. Tak, HanpuMep, ¢ MHUJJIHAMIEPMETPOM C MPENEJbHBIM TO-
koM 0—1 ma u Garapeeil Tuna BAC MOXHO NOCTPOHUTL OMMETp
C BepPXHHM NpeAeJGM H3MEpEeHUS NOPALKA HECKOJbKHX MEroM,
npuYeM H3MepeHHe TaKdX GOJbILHX CONpOTUBJeHHA He G6yaer
OTJINYATbCA OOJBIUOH TOUHOCTBIO, a HIJKHUHA NpelesN H3MepeHHs!
ero OymneT mopsjKa HEeCKOJbKHX Thiciu oM. HauGosee ymosie-
TBOPUTEJbHAS TOYHOCTL H3MEpEHHH TakKuM OMMeTpoM Gyxer HJs
CONPOTHBJEHHH MOPSAAKA JNECSTKOB M COTeH ThicaY oM. [Ipumenss
e B OMMeTpe C TaKHM e npHOOpOM GaTapeiiKy KapMaHHOTO
(GoHaps, Mbl NOJTYYHM Tpenesbl H3MepeHHS OT COTeH OM JO
100 000+ 200 000 o, a ymoBJIeTBOPHTEJbHYIO TOYHOCTH H3Mepe-
HHS npuMepso B npenenax ot 500 ox npo 30 000--40 000 om.
Ilpn npumeHeHHH MANIHAMIEDMETPa C TOKOM JJIsl TIOJIHOTO OT-
KJOHEHUS CTPeJKH 5 Ma KpaiHue Npemessl U3MEpPEeHHS yMeHb-
IIaTCs MpPUMEpPHO B 5 pas.

W3 upcna MunamaMnepMerpoB, BBITYCKaeMBIX OTEYECTBEHHOH
IPOMBILLIEHHOCTBIO, HauGoJIee TOCTYIHbLl IJIS MPUMEHEHHs paguo-
JI06UTeNIMA CTaHAapTHble MuanuaMmnepMmerpol tanel M-1, M-2,
MK-55, T[IM-70 co wkanamu 0+ 1 sa, 0 = 5 ma wau, B Kpail-
Hem cayyae, 0 =10 ma aubo Mmunnamnepmerpsl Tunos 4MIII,
BMJI (moBOeHHOrO BhiNycKa). MOXHO NPHUMEHSTb TaKXe IIMTO-
Bble npubGopbl Tunma MM u np. [laHHble psla MHJIHaMIepMeT-
poB npuBeJdeHHl B TabJa. 1.

Hcnoav306anue 80abTmeTpO8. Jlasi H3rOTOBJIEHHS OMMETPOB
MOXHO HCIOJb30BAaTh WHPOKO DacHpoOCTpPaHEHHble MarHUTO3JIEK-
TpHYecKHe BOJLTMETpPH THnos M-1 uiau M-2 (uMmeromue Takue
JKe pasMephl, KaK U MUJWIHAMIOEDPMETDhl 3THX e MapoK), BOJbT-
MeTpal M-63, 4MIII, MK-55, IIM-70 u np. daHHble psiga BOJIBT-
MeTpOB, KOTODHl@ MOTYT GBITh HCMNOJb30BaHb!, NMpHBEdeHH B Tal-
June, noMelleHHON Ha o6joxke, Ilpy H3roTOB/IeHUH OMMETPOB
U3 BOJLTMETPOB HEOGXONHUMO B NOCJSNHHX YAAJUTb HJIH 3aMK-
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Ta6auna l
JAHHBIE MHUJIJIMAMIIEPMETPOB

Yucao €HH
Tun Llkana, sa Ulﬁ::: ,,’,l,,eaﬁ,uam mK:nuniﬂpoug
! HyJ1€B0r0)

01 0,05 20
M-1, M-2 { 0--5 0,2 25
0--10 0,5 29
SMJ1 0--5 0,2 25
4MHI 0-=-15 0,5 30
MM 0—-10 0,5 20
05 0,2 25
MK-55 { 010 0,5 20
0--15 0,5 30
0--5 0,1 50
MM-70 { 0--10 0,2 50
0--15 0,5 30

HYTb HaKOPOTKO BHYTPE€HHHe N00aBOuHble CONPOTUBJIGHHS 3a HC-
KJIIOUeHHeM CJyyYaeB, yKa3aHHBIX Ha CTp. 8.

B Ta6a. 2 nanm Mapku npu6opos Tima M-1 u M-2 (no ka-
TaJIOTY) B 3aBUCHMOCTH OT MX KOHCTPYKLHH M HEKOTODhle HX KOH-
CTPYKTHUBHbIE JaHHLIE,

cnoav3osanue repmonpubopos. B oTHeNbHBIX Caydasx pa-
JHOJIOGUTETI0O MOXKeT NPEeICTAaBHTBCS BO3MOXHOCTb HCIOJb30Ba-
HHMsl MarHUTO3JIEKTpHUYeCKHX npuGopos tunos M-41, M-51 (mas
yTONJIEHHOrO MOHTaxKa) uau M-43, M-53 (aas BbICTynmamoomero
MOHTaXa) OT TepMOdJjeKTpuueckux ammnepmerpos T-41, T-51,
T-43 uau T-53 ¢ HeucnpaBHBIMH TepMmonapaMu. BosMoxHO Takxke
HCIIOJIb30BAHUE MAarHUTORJIEKTPHUECKOro mpufopa OT TepMoaM-
nepmerpa tuna T-61. Bce aTu TepMO3neKTpHYECKHe aMIepMeTphl
npenHasHavYaloTcs JJI H3MepeHHs TOKOB BBICOKOH YaCTOTHI M BhI-
nyckarores co mkajgamu 0+ 0,25 a,0-=-0,5 @, 0—+1 a, 052 g,
0-+3,6a, 0= 5 q u np. YkasaHHble Ha lIKaJax Npeflesibl U3Me-
PEHHS] TOKOB HMEIOT MeCTO NpH BKJIOYEHHH HX C TepMO3JeMEeH-
TaMH, BXOISIIIHMH B KOMILIEKT aMIepMeTpoB. AMmepMerphl TH-
nos T-41, T-43, T-51, T-53 ka Bce npenesbl H3MepeHHs, a TaKxe
amnepmerpnl T-61 co wkanoit Ha 0 =1 a HMelOT TepMoOajeMeH-
TBl B OT/EJbHCH OT H3MepuTessl «KopoGoukes. [lasi mnepenesiku
3THX NpUGOPOB B OMMETPbI TepMOnaphl MPOCTO He HYMKHO BKJIIO-
gatb. Tepmoamnepmerp T-61 co mkamo#i 0—0,25 a umeer Tep-
MOSJIEMEHT, 3aMOHTHPOBAHHBIl BHYTPH KOpmyca CcaMOro mpH-
Gopa. Isasi ucnospb3oBaHHA ITOTO aMiepMerpa B OMMeTpe Tep-
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MO3JIeMEHT HYXXHO YNAaJdHTb H3 HEro M BLIBECTH K €ro 3axHMaM
KOHIBI NOABHXXHOH pamMku (o6Motku) npu6Gopa. Ilpu atux ycyo-
BUAX aMIepMeTPH NpeBpallaloTcd B MHJJIHAMIEDMETPHl CO 3Ha-
Y{TEeJIbHO MEeHbLUMMH NpefiesiaMy H3MepeHHs, 4eM 0603Ha4yeHO Ha
KaJe.

Ta6auua 2

MAPKW U TEXHHWYEGKWE IAHHbBIE MWIJIMAMIIEPMETPOB U
BOJIbLTMETPOB TUIMA M-1 u M-2

M-1 M-2

RAf yTon- |AAA BHICTY-| XA YTON- XIS BBITTy-
JIeHHOTO namwouero JAEHHOTO nawomero
MOHTaXa MOH13aXa MOHTaxa MOHTaxa

Ilpubopnl 6e3 skpana . . . . . .| M-5l M-33 M-41 M-43
Mpu6opnl ¢ sxpaHoM , . . . . .| M-32 M-54 M-42 M-44
BeicoTa M wmMpHHa npubopa, MM . 63 63 83 83
Paccrosiine Mexay UCHTPaMH Kpe-

NeXHblX OTBEPCTHH, MM . . . . 47 — 63 —_
JdauHa wWKadbl, MM o . . . . . . 41,5 41,5 61,5 61,5
JauHa CTpeaku, MM . . . . . . . 27 27 40 40
Yros MONHOrO OTKJAOHEHHS CTpeJ-

KH Brpaiycax . . . . . . . . 880 880 880 88°

OcHOBHas morpelHocTb NPH6OPOB He Goadee+2,50/; oT MakcuMaabHOTO
8HAYEHMs IKanabl (Npu 1emnepatype 17--23°C). JlomoqHHTeJbHas TOrpe-
HOCTb NpH M3MeHeHHsAX TeMnepaTypbl 80—50°C uau 4-60°C ne 6oxee 1 2,5% Ha
kaxanie 10°C usMeneHHs TeMnepdrypol.

Ommemp ¢ nocaedosamenrsHsim nepemenrnolim CORPOMUBACHUEM.

[Mpocrefimass cxXema oOMMETpa IoOKa-

+ O\ sana na ¢ur. 1. Takoii ommerp cozep-

\Z/ KHUT B veGe, KpOMe MUIAHaMOepPMEeTpa

M, Barapeio b, moCTosHHOe CONpPOTHB-

JecHHe R, NepeMeHHOe CONPOTHBJIEHHE

R, u nBa 3axuma R, IJs noax/ioyeHus
M3MePAEMOro CONPOTHBJEHHUS.

Pacuem conpomusgaenuii. Bribop Be-
JIIYMH CONPOTHBJEHHHA 3aBHCHT OT npe-
LEJOB H3MEPEHHsl TOKa MHJJIHaMIep-
merpoM M Hanpsxkenus 6Garaper U. OG-

]
%
+
=
T___, #; #— 1ad BeJ4YHHA COMPOTHBJIEHU R, 5 R,
HaxoOAUTCS N0 (OpMmyne
Quz. 1. CxeMa omMeTpa ‘ 0
C MoCAe 0BaTENbHBIM CO- R,--R — 1000-U 0)
DPOTHBACHHEM. ! 2 I, '
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rae /,—mpenen H3MepeHHs MHUJMAMOEPMETPa, T. €. CHJA TOKa
B MH/UIMaMIIepax, Hamouias NOJHOe OTKJIOHeHHe cTpeaku. XKena-
TeJbHO, 4TOObI BEJHYHHA MEPEMEHHOTO CONPOTHBJECHHS R,, ciy-
Halero /sl yCTaHOBKH MEpe] H3MEPEHHsMH CTpeJkd Npubopa
,Ha HyJb“, COCTaBjisiJa MPAMEPHO OJHY AECATYIO 4acTh OT CyM-
MapHOro conpoTtuBiaeHHst R;—+-R,. [lycTs umeercs, Hampumep,
MH/JMAMIIEDMETP C MpeXeJoM H3Mepenus Xo 1 xa u Garapes
OT KapMa4iHoro Qouaps ¢ Hanpsxeduem 4,5 6. Torma obutee
CONpPOTHBIEHUE

R, +Ry = lOgi)-U: 1 0013-4,5 — 4500 ox,

Hmes nmepemen:ioe comporsBiaedde R, ¢ MAKCHMAJbHOA Be-
augdHoi 500 om, H3roTOBASEM HIH MOLOHPAaEM IMOCTOsiHOE CO-
npotusieHne R, =—4000 ox. Torna mpu moJHOCTbIO BBEASHHOM
CONMpPOTHBJEHHH R; H 3aMKHYTHIX HaKOPOTKO 3axuMax R, cTpeJ-
Ka npH6opa maer MOJHNE OTKJAOHEHHE, ITO NMOJIOKEHHEe SABHTCH
LJHy/IeM® oMMeTpa, ,Hy/ab“ Ke MH/IAHaMnepmeTpa OyAeT COOT-
BeTCTBOBATb GECKOHEUHO GOJbIIOMY CONPOTHBIEHHIO MEXIY
saxumamH R,. CienoBaTenbHO, BE/JIHYHHE CONPOTHBJEHHH Ha
IIKaJe OMMeTpOB OyHdyT BO3pacTatbh cnpasa Haiaesd. Ilpu xe-
JIAHHH MOJAYYHTb IIKAa1y OMOB C BeJHYHHAMH, B0O3DACTAIOIIUMH
cJIeBa HATPaBO, MOXHO CMOHTAPOBaTb MPHOGIP B MNEPeBEPHYyTOM
NOJIOXKEHHH.

Ecsu GaTapes oMMeTpa HeCKOJbXO Da3pANMTCA H HAMpsKe-
Hue ee Oyizer MeHbuie 4,5 8, TO I/ MONYUYEeHHR B IeNd TOKA
cutoft 1 ma (MpH KOPOTKO3AMKHYTHX 3axkuMax R,), T. e. nis
YCTaHOBKH CTpe/JKH Ha ,HY/Jb“ OMMETpa, HYXHO HECKO.IbXO
YMEHBUIHTh BBE T€HHYIO YacTh CONPOTHBIEHHA R,.

AHeiicmsue ox wempa. [lonycTHM, 9TO OpH MOJHOM HAaMpsKe-
HHA 6aTaped H MOJHOCTBIO BBEXEHHOM COMPITHBJCHHH R; MeX-
Ay 3axuMmMamMu R, BxaoueHo comporHBieHHe 4500 ox. Toraa
CHJIa TOKa B Iend no 3axkony Oma Gyner:

— v — 4,5 —
I= w7y TR, = (@000 F500) F 4500 — 00 #a

H CTpe/Ka mpHbopa OTKAOIHUTCA TOJBKO JIO CePEeAUHHl IIKAJH.
Ecau mexnay saxumamu R, BKJIIOYHTb conpoTHsleHHe 9000 ox,
TO cH.1a TOKa OyneTr paBHa:

4,5

= (4000 + 500y 15005 — 0,33 #a



H CTpe/JKa OTKIOHUTCA Ha OXHY TpeTh mxasnnl. COOTBETCTBEHHO,

ecd BKaouuTh conpotusieHre B 40000 o4, TO TOK Gy XeT paBeH:
_ 4,5

I= {4000 - 500) - 40 000

T. €. CTpeJIKa OTKJIOHHTCS TOJbKO Ha OJHY RECATYIO ILIKAJhL Ipu
GOJIbIIHX M3MEPSEMBIX COMPOTHBJEHHAX OTKJIOHEHHE CTPEJKH
6yIeT ellle MeHbIlIe H OTCUET noxasaHuil mpu6opa B KOHILE IKaJIbl
oMmeTpa (B ee JeBOH YacTH) CTAHOBHTCH 3aTPYAHHTEJNbHHIM H
[O3TOMY H3MepeHHe CONPOTHBJIEHHS MO STOH YaCTH IIKAJIBl oy-
JeT NPUOIHKEHHBIM.

=~ 0,1 Mma,

Quez. 2. IlIkananl oMMeTpPOB.

Ha ¢ur. 2 mas wimiocTpanny nokasaHbl IIKaJgbl OMMETPOB C
Garapefikoli KapMaHHOro (JOHaps W ¢ MUIMAMIEPMETPAMH pas-
auqHofl uyscrBHTesbHOCTH. lllKama a oTrOCHTCS K OMMeTpy <€
MHJJIMAMIEDMETPOM Ha TOK X0 O MQ, a IIKana 6 — K OMMeTpy C
npu6opoM Ha TOK mo 1 xma.

Ommemp us sossmmempa. OT yKazaHHOTO BHIIE COOTHO-
IIeHHS] CONMPOTHBJAEHHA R, M R, MOXHO OTCTYNHTb, HampHMep,
IIPH H3TOTOBJIEHHH OMMeTpa ¢ 6aTapeiKoil OT KapMaHHOTO (HOHaps
H3 BOMIBTMETpPa C mpenesoM uaMmepenus 03¢ wau 0-+-3/30 s.
Ecau ucnosb3yercss BoabT™Merp THma M-1 mam M-2 ¢ Takum
npenesoM H3MEpDEHHss H TOKOM JJs IOJHOTO OTKJOHEHHS
ctpeaxd B 8,5 ma, TO npH HanpsnkeHHH Oaraped 4,5 8 cymap-
HOe CONpOTHBJEHHE HOJAKHO OBITh

4,5-1 000
Rl +R2:',—85—§530 oM,
Tako#t BosbT™MeTp A u3MepeHu#i mno 1wkaze 0-+- 3 8 umeer
BHYTpPH A0GaBOYllOe CONpOTHBJAGHUe oOKosJo 350 oM, KoTopoe H
8



MOX(HO HCMOJIb30BaTb B KauyelTBE MOCTOSIHHOTO — COMpPOTHBJEHHS
R, cxembl omMerpa. ITIpu TOM HYy:KHO B35IThb NepeMeHHOe CONpO-
TuBJeHHe BeanynHo# 180-+200 om, 4TO macT HEeOGXOAHUMYIO MO
pacueTy CyMMapHYIO BeJIHUHHY. MOXXHO Takxe YBEJHUYHTb IO-
CTOSIHHOE@ CONPOTHBJTEHHE, BKJIOYMB N0CJAeN0BATENbHO B LENb ellle
OAHO MNOCTOsIHHOe conpotuBieHue B 130—150 ox, u B KauecTRe
lepeMeHHOr0 COMpOTHBJEHHS R, NPUMEHHTb THIOBOH peocrar
HaKaja OT NpHeMHHKa ¢ conpoTusiennem 50 - 35 ox, AHajo-
THYHbIM 06Pa30M MOXKHO HAWTH, YTO, NPHMEHss B KayecTse OM-
Merpa BosbTMeTp M-1 uau M-2 co wkanoit 0 = 8 6, crpenxa Ko-
TOPOro JaeT MOJIHOE OTKJIOHEHHE NMpH Toke 8,5 #Ma, HYXKHO BKJIO-
YHTh IOCJeJ0BaTeJbHO C HUM JBe OaTapeliku KapmaHHoro ¢oHa-
ps (oOmiee HanpsixKeHHe 9 8) W MepeMeHHOE CONPOTHBJIEHHE OKO-
a0 100 ox.

Hseorosaenue wkanret. Ha iukany ovmMeTpa MOXKHG HaHECTH
I'PaflyHpOBKYy B OMax C JOCTATOYHOH JJIs1 NMpaKTHYECKHX lesel
TOYHOCTBIO, BBIYUCJISIST ero N0oKa3aHhs NpH Pas3jMYHbIX BeJIHYHHAX
CONPOTHBNEHHH R, 10 ¢GopMyse, KOTODOH MBI yXe MOJb30Ba-
JIUChH BBIlIE:

U
=®TRT R ®

ITo pesyabratam BbuncJHeHuH 1o 370 (opMyse CUIbl TOKA
I'DH Pa3JIHYHBIX COUPOTHBJEHHSAX A, NPOTHE COOTBETCTBYIOIIHX
JeleHUH KaJbl MUJIHaMIepMeTpa € MOMOIIBI0O OCTPO OTTOUEH-
HOTO KapaHZallla HaHOCATCA HOBbIE JeJdeHus B oMmax. [locne
3TONO MO NOJiydyeBHOMY ©00pasiy IMIKajbl MOXXHO HAaYepTHTb
TYWBIO JJiIT OMMETpa HOBYIO MIKaly C FPaiyHPOBKOH TOJIBKO B
OMax M HaK/JeHTb ee NOBepX CTAapod LIKaJbl MMJJIHAMIepMeTpa.
IlepeHoc meneHuil ¢ ONHON MIKaJbl HA JAPYTYI0O H HAKJeHKa HO-
BOH IIKaJbl JOJKHbI ObIThb NPOM3BELEHbI OYeHb TILIATeNdbHO. [To-
JIOXKeHHe JeJieHH HOBOHM ILIKaJbl JOJXKHO abGCOJIOTHO TOYHO COB-
najnath C NOJIOXKEHUEM TeX »Ke JejIeHHH Ha CTapofl WIKaje MUJ-
JiiaMiepMerpa.

Bosee ToYHy10 TPamyHpOBKY ILIKaJbl OMMETPa MOXHO IPOHU3-
BECTH C MOMOIIbI0 Mara3yHa 3TAJIOHHBIX colporuBieHui. s
Tako#l NpajyHpoOBXH CJeIyeT IpelBAPHTENbHO HAKIEHTb Ha CTa-
pyio IKajny BbIpe3aHHbH no ee (opme JIMCTOK YMCTOH Gymard.
YcTaHOBUB NpeIBapPHTEIbHO CTpPeNKy npubopa Ha <«HYJb» IpH
3aMKHYTBIX HaKOPOTKO 3axkuMax R,, K HHM NPHCOEJHHSIOT Mara-
3HH 3TaJIOHHBIX COTIPOTUBJIEHMH N TMOCTENeHHO 3TH CONPOTHBIE-
HHUs yBeJMYHBAIOT. I1pH KaxI0# yCTaHOBJIEHHOH BEJIHYHHE COMPO-
THBJIEHHS CTpeJKa OMMeTpa 3afiMeT OonpefejieHHOe MOJOXKEHHe,
KOTOpOe CJIefyeT OTMETHThb Ha ILIKaje OMMETpPa COOTBETCTBYIO-
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KM 3HaueHHuem oM. TakuM o6pa3oM Ha miKaay oMMerpa HaHO-
CHTCSL HeNpPepHIBHBIA psiI rPaLyupOBOYHBIX ToueK. Korma rpamyu-
pOBKa OKOHuUeHa, OTBHHYMBAIOT KpelsIlde IIKaly OMMeTpa BHH-
Thl, OCTOPOXKHO (He MOTHYTh CTPeJKy!) CHUMAIOT IIKajly, H HaHes
CeHHble JejieHust ¥ LU}pB aKKypaTHO o6BoAasar Tyuwbio. [Tocae
STOTO LIKaja CHOBA YKpEIISeTCs Ha CBOE MecCTo.

OTrpanynpoBath OMMETP MOXHO C JAOCTATOYHOH TOYHOCTBIO
H 6e3 3TaJIOHOB, eCJH B PacloOpsiKeHHH PafuOJIOGHUTENsT UMeeTCst
Ha6op o6biuHbiX comporuBiensail (Hanpumep TO, JIC), conmepxa-
U4 MO HEeCKOJIbKO IITYK CONPOTHBJEHHI OJHHAKOBOH HOMHHAJb-
Ho#l BesnuyuHbl. CompoTHBNEHHe MAacCOBOTO BBINYCKAa, MapKHpPO-
BaHHble OJHO HOMHHAJILHON BeJIMUNHON, KaK W3BECTHO, (paKTH-
YeCKH MMEIOT YHCJO OMOB, OTJIMYalomeecs ot o6o3HaueHHoro: Tak,
HanpuMep, CONpPOTHBIEHNe, HMelollee oGosHauzende | 000 oM -+
+209% Moxer UMeTh (aKTHUECKyl0 BeJUYHHY B Ipefenax oOT
800 no 1200 om; conporusnenne ¢ Mapkuposko#i 300 000 ox +
<+ 10% d¢akruuecku wmoxker wumern or 270000 mo 330 000 om
n 1. A JKenaTesbHO mnpuMeHsiTb JAJIsi TPaAyHPOBKM COMPO-
TUBJIEHHSI, HA KOTOpbIX cTOMT momyck —+5%. Ilpu rpamyuposke
cJienyer CHayaJa IlooYyepelHO BKJKOYATb Ha 3aXKHMBI CONPOTHB-
JIeHHs C Kako#-JIu6o ONHHAKOBOH MapKHPOBKOH, oTMeuasi MoKasa-
HHE CTPeNKM JJIs KaXAOMo 3K3eMIUIsipa  CONPOTHRBJIEHHS,
a 3aTeM OKOHYaTeJbHO HAaHECTH Ha IIKaly CpedHee H3 BCEX
MOJIyueliHeIX 3HaueHuid, 0603HAUHB ero HOMHHAJILHOH BEeJHYHHOH.
3areM BKJIOYalOT [OOYEPeNHO HECKOJbKO COMPOTHBJIEtHHH C
Apyrofi HOMHHaJbHON BEJHYHHOH H TakuM Ke CnocoCoM
HaHOCSAT Ha WIKaJy APYryl0 TOUKY, COOTBETCTBYIOILYIO 3TOH HOMH-
HaJIbHOH BeJHuWHE, H T. I. YeMm BHIlLle Kjacc TOYHOCTH IpuMe-
HAieMBIX CONpPOTHUBJEHHH, yeM GoJblle B HaGope OXHHAKOBHIX CO-
NpOTHBJIEHUHA H 4yeM OoJsblle HX o6llee KOJIHYECTBO, TEM TOUHEe
yRacTcsl TMPOHU3BECTH IPalyHpPOBKY OMMeTpa.

Paspsad 6arapeu u TouHoCTy Usmepenu. OTMETHM, UTO Haxe
NpH HCMNOJNb30BAHUH STAJOHHBIX CONPOTHUBJIEHUA TpaayHpOBKa
6Gyaer TOYHOH TOJBLKO IIPU MOJHOM (pacuerHoM) HampskeHuu 6a-
taped. IIpakTuuecky, yTo6bl u36eXkaTh NMPH H3MEPEHHSAX CYyLLECT-
BeHHHIX NOTPEIIHOCTEN, HelomycTHMO paboraTh ¢ 6Garapeef, Ha-
npsiKeHue KOoTopol HuKe pacuerHoro Ha 10%.

Ecau comporusnenve R, cocrasasier 10% or BeauuuHsl o6-
mmero conporHsJeHus R;-+ K, 70 upu DNaleHHH HanpsKeHHs
Gartapen OGosblie yeM Ha 109 yxe He ymacTcs YCTaHOBHThb
CTPEeJIKy OMMeETpa Ha HyJIb IIKaJbl OMOB pPeryJHpOBKOH compo-
TUBJeHHs Rz. DTO 06GCTOATENBCTBO ABJSAETCS OKa3aTesieM HelpH-
roaHoctd Garaped K JajbHefined paGore.
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Onmerp ¢ napaaresvnbin conporugenuem O0an Ycranossu
Hyan. Cxema Takoro oMmerpa (¢wur. 3) oTiHYaercs OT CXeMbl
¢ur. 1 TeM, yTo B Hefl yCTAaHOBKA HYJS OCYUIECTBJISETCH C M0-
MOIUBIO NEePEeMEeHHOr0o CONpOTHBIEHHA Ry, BKJIOYEHHOTO mapal-
JieJIbHO H3MepuTeNbHOMY MNpubopy. Bennumna conporusnenus
Ry momxua Obith B 10—+ 20 pa3 Gosblle CONPGTHBIEHUS MNpH-
6opa. Beanunna noclenoBaTeNbHOTO CONDOTHBJAEHHS R, mas
aToft CXeMHl onpefenasercss no Gopmyne

800.U
R1: 1" ] (3)

rle TPHHATH Te Xe obo3HaueHus, 4ro H B Qopmyne (1).

+ -
'Y + -
B ©
rd
b/ V¢
7 7 v %
% 1.,
1. =4
1+ -6 T -
=5 =T ]
T - : & fy B Ry
' 4 Ry ~ mMasnoe Oonvuroe
@u2. 3. Cxema oMMmeTpa ¢ @uz. 4. CxeMa ovMeTpa Ha [ABa mpejeda
napajienbHeIM CONPOTHBJIE- usMepenuit, -

HHEM.

Ecan HampsxkeHue Gataped B cxeMme (ur. 3 yMeHbIIHTCH, TO
IJis yCTaHOBKM npu6Gopa Ha HyJb DO LIKaje OMOB HYXHO yBeJH-
9UBaTh BBENEHHYIO BeJHYHHY CONPOTHBJEHHS Ry, yMmeHbuias TeM
caMBIM TOK, OTBETBJSIOLILICA B 3TO comporusjienne. Takum 06-
pa3oM 3Ta cxeMa NO3BOJISieT MOJYYUTh OJAMHAKOBHIH TOK uepes
Opubop NpH H3MEHEeHHAX HampsiKeHMs Garapew H NOTOMY [OKa-
3aHHsl OMMeTDa, BBIIOJHEHHOrO MO 3TOH cXeme, MeHbule GyAyT
3aBHCeTb OT Hanps:KeHus GaTapeH, 4eM NOKasaHHd OMMeTpa no
cxeMe ¢ur. 1.

ITpu ncmoab3oBanuu B 3TOA CxeMe BOJILTMETpa C NpelesioM
usmepenns 03 @ c Garapelixoil Ha 4,5 8 WJIM BOJNBTMETpPa C
npenenom usMepeHus 0+ 8 & c Oarapeiikoii Ha 9 8 MOXHO
TaKXe HCNOJb30BaTh ROGAaBOYHOE CONpOTHBJIEHHE BOJBLTMETDA,
PYKOBOJICTBYSICb H3JIOXKEHHBIMH BhIlle HallPAXKEHHUAMH.

11



Cnoco6 rpalyHpoBKH OMMeTpa Mo cxeMme (ur. 3 He OTJIH-
yaercs OT crnocoba TpagyupoOBKH oMMeTpa no cxeme ¢ur, 1.

Omnmerp na Osa npedesa usmepenus. Ha dur. 4 nana cxema
OMMETpa Ha jBa Ipeneja usmepenus (c AByMs wKajgamu). Cpas-
HHTEJIbHO MaJble CONPOTHBJEHHS, TNOAJNEXAIHe HIMEepPEeHHIO,
BKJIIOUAIOTCS MeXIy 3axuMmaMu «R, — majoe». Ilpu stom nuta-
HHe NpHOOpa OCYLIECTBJSETCS OT ONHOH-IBYX 6aTapeek KapMaH:
Horo (onaps b, uepes comporusienue R;. IToamexauiue usMe-
PEHMIO CONpPOTHBIEHUS GOJbLIEH BeJHYUHBI BKIIIOYAIOTCH MEXAY
KiieMMaMH « R, — GOsblIoe», W B 3TOM clydyae NHTaHHe IpH-
Gopa ocyIiecTBisieTcss OT OLHOH-IBYX Garapeit by Tuna BAC ue-
pes comporusjeHue R;. YCTaHOBKa HYJIA TNepel H3MepeHUsMH
IONXHA TPOU3BOANTBLCH IIYHTHPYIOUIMM TNpHGOpP CONMpPOTHBIIE-
HHeM R, ormenbHo misi kaxaod wkadbel. Ilpum MuannaMnepmerpe
co mwKano#i 0—1 ma u npu ogHo#l Garapelike KapMmaHHOTO ¢o-
Haps CONpOTHBJEHHEe R; momKHO HMeTb BeanuuHy 3600 om, a
npu IByx Gartapefikax KapmanHoro ¢ounaps —7 200 ox. Comnpo-
THBJeHHe R; mpu onHoii Gatapee BAC-80 mo/iXXKHO MMeTh BeJH-
uHy 64 000—65 000" om, a npu AByx Gatapesx BAC-80, coenu-
HeHHBIX mnocjenoBaTesbHo,—okojao 130 000 om. Ilpu Takux nan-
HBIX ,OMMETD MO3BOJHT H3MEpsiThb C JIGCTaTOYHOH TOYHOCTBIO CO-
MPOTHBJIEHHUS] BENHUYHHON IO HECKOJbKHX MEroMoB IIpH HUXKHEM
npenesie H3MEPEHUs NMOpSAKA COTEH OMOB.

Ommerp ¢ nuranuem OT ceTu nocroanHozo Toxd. OMMeTphI ¢
nuraHneM oT Gataped yZOOHBI TeM, YTO MX NpUMEHEHHE He CBfl-
32HO C HaJHuyHeM B Mecre paGoTbl C HMMH CETH 3J1eKTPHUECKOIro
roxka. Korzma e umeercsi ceTb MOCTOSIHHOTO TOXA, TO JJs1 MUTaHMs
OMMETpa BIIOJIHE BO3MO/KHO HCMOJB30BaTb BMeCTO GaTapeH 3Ty
cerb. Ilpy HCIIONB30BAHKMHU CETH NMOCTOSIHHOTO TOKA C HAMNpSKeHHeM
220 8 oMMeTpoM, COAEpXKALIUM MHJJIHaMIepMeTD C NpeaesoM
usMepenuss 0-- 1 ma, MoxHO OyLer U3MepATb COMNpPOTHBJIEHUS
BEJIMYHHON 10 HECKOJLKHX MeroM. Eciin B oMMeTpe npHMeHeHa
cxema ¢ur. 1, MocTosIHHOE CONPOTHBJIEEHE R; INOJXKHO HMETb Be-
auunny 180 000 - 200 000 om u nmepeMeHHOe CONPOTHBIEHHE R
JIOJIXKHO GbITh B37TO coorBeTcTBeHHO 50 000 - 30000 os. 3mech
MOXKHO HCIOJIb30BaTh OOBIYHBIA HENPOBOJOUHBLIH MOTEHIHOMETDP C
NMHEHHBIM H3MEHeHHeM compoTuBJeHus. B ciyuae cxemnl ¢ur. 3
NOCTOSIHHOE ~ CONpPOTHBJIEHL®  OOJXKHO  HMEThb  BEeJUYHHY
170 000 = 180000 ox. B oGoux cayyasix Heo6XOLMMO NPHMEHSTDb
MOCTOSIHHBIE CONPOTHBJIEHUS HA MOIIHOCTh He MeHee 0,5 8m unu
COCTaBJIATh MX M3 COOTBETCTBYIOLIMX MO BEJIHYHHE COMpPOTHBJIE-
HHH MeHbluefi MoIIHOCTH. Ilpn ToM e HanpsiKeHWH CeTH, HO C
npuGopoM, uMelomuM mnpefen usmepenus 0 -5 ma, omMmerp
JNaéT BO3MOXKHOCTb H3MEpATb C YAOBJIETBODHTEJNbHOH TOYHOCTBIO
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conpoTtyuBaenus npumepHo no 0,5 meon. B Takom mpuGope mpak-
TUYeCKH He YAaeTcsl NPHMEHHTb CXeMy C NCC/eLOBaTeJbHbIM Ie-
peMeHHbIM CONpPOTHBJIEHIIEM, TAK Kak BblAejsieMas NpUd 3TOM Ha
THIOBOM NEepeMeHHOM COMpPOTHUBJEHHH MOIIHOCTb GymeT Gosblue
MONyCTUMOH, a TIpuHMeHseTcs <xema ¢ur. 3, rAe NOCTOSH-
HO€ COMNpoTuBJeHHe R; HoKHO uMeTb Bequunny 35000 om. Dto
COTNPOTHBJIEHHE NOJKHO ObITb 1!/3 <+ 2-BaTHBIM MJIH HOJ/KHO OBITh
COCTABJIEHO H3 HECKOJIbKMX COOTBETCTBYIOLIHX CONpPOTHBJEHHH
MeHbIUEH MOLIHOCTY.

0mmp

A
___%

l 1208 |

S0y L

@uez. 5. CxeMa oMMeTpa C MHTaHHEM OT CETH NEPEMEHHOr0 TOKa.

Onmerp ¢ nuranuem Or ceru nepemenHozo Toxa. Ilpu wHaju-
YUK CeTH NMEpEeMEHHONo TOKa BO3MOMKHO IHTaHHe OMMeTpa OT Io-
cjefHell yepe3 BBITIPAMHTEJNb, NOCTOSHHOE HaNpsKeHye KOTOPOTO
NOJABONUTCA K cXxeMe oMMerpa nmo ¢ur. 1 man 3 BMecto Garapen.
ITpumeHss BbIOpAMUTE]b <€ HaNpsiXKeHHEeM B HECKOJbKO COT
BOJIBT, OMMETPOM NO cXeMe (QHr. 3 MOXKHO H3MEPATb COTPOTHBJE-
HHS TOPSiKa MEroMoB Jaxe C MUJJIHaMIEPMeTpOM € NpelesoM
uamepenuss 0+ 5 ma. Uro6hl BesnuuHa H3MEpSEMOrO  COMPO-
THBJIEHHS] MeHbllle CKa3blBajiaChb Ha HaNpSKEHHH, MOJydaiolleM-
¢ Ha KjeMMax IHTaH{s OMMeTpa, BbIXOJ BBIIPSMHTENs CJe-
JIyeT Harpy3uTb MOCTOSIHHbIM CONPOTHBJIEHHEM TaKOH BeJHYHHHI,
yT0Gbl Yepe3 Hero NMpoXoAun TOK npuMepno 8 10 pas Goublue
TOKa, MOTPeGIAEeMOTO OMMETPOM TMPH 3aMKHYTbIX HaKODOTKO 3a-
xuMax K, B 3aTom cayuae ConpoTHBIEHHS OMMeETpa M €ro
IIKaJy MOXKHO pAacCUMTbiBaTh TaK XK€, KaK ¥ IPH NHTaHHH OT
Gartapeil. PexoMennyeTcss npuMeHeHHe CTaGHIM30BAHHONO  Bbl-
NPSAMUTENS.

Ha ¢ur. 5 npusemiena cxema oMMeTpa C NHTaHHEM OT CeTH
fIePeMEHHOT0  TOKAa, CKOHCTPYHDOBAHHOTO  paJAHOJIIOGHTENEM

13



M. A. )Xypouko @ noayuusulero npemuio Ha 6-ff 3aounofi paxuo-
BhHICTaBKe. DTa CXeMa COAEPXKHUT B ceGe BLIMPAMHTENb Ha JiaMIle
tana 6X6. Hakan s1amnel ocyllecTBisSeTCs NOHMKAIOUIUM TpaHC-
(opmaropoM, a HanpsIKeHHe HAa e€ aHOA MOJAeTcs Henocpeld-
CTBEHHO OT CeTH Yepe3 KOHASHCATOp eMKOCTbio B 1 mxg.

Bulnpsiviiennoe JgaMnoi 6X6 HanpsieHHe IOJydaeTcs Ha
JeJiuTese HaNpSKEeHHs, COCTOsIUEM H3 TpexX MOoC/eL0BaTeNbHO
COeAWHEHHBLIX COMPOTHBJEHHHA R,, Ry H R,.. :

OmMeTp HMeET TPH IIKajwl. [/l H3MepeHHs “CONpOTHBACHHH
or 5 m0 1000 ox ucmosb3yercss HanpsXKeHHE HA COMPOTHBIE-
HHU R,, npH H3MepeHun conporHBiennit or 100 go 15000 ox —
HaNpsDKEHHe C KOHIOB CONpPOTHBJIEHHA R, H R, H 1 H3-
MepeHHs1 conpoTHBaeHHi or 150000 ox po 10 meom ucnoab-
3yeTcsl MOJHOE HaNpsXKeHHe C KOHIOB JEJHTENs HalpsKEeHHS.
Jlns BTOpO# W TpeTheil IIKaJ oMMeTpa B CXeMe HMEIOTCS CaMo-
CTOsITE/IbHBIE TIOC/Ie0BaTe/IbHEE CONPOTHBICHHS Ry H Ry, aHaxo-
THYHBHIE N0 Ha3HAYEHHIO COMPOTHBJEHHIO R, B cxeMax ¢ur. 1 u 3.
Ilepex/ioueHre IpenesioB H3MePEHHS NPOH3BOAMTCA INepeKJoda-
TejeM /1, YCTaHOBKA HyJisl OMMeTpa JJIs BCeX €ro IIKaJ/ MPOH3BO-
JHTC C MOMOUIBIO MEPEeMEHHOr0 CONPOTHBJAEHHS R,, BKJ/IOUEH-
HOIO IIOCJIeZOBATe/LHO C JIEJHTeNeM HamlpsukeHHs R,, Ry, R, u
NO3BOJSAIOIEr0 Pery/JHpPOBaTh NOJaBaeMOe Ha JENHTeNb BHIpS-
MJIEHHOE@ HanpsKEHHe [PH H3MEHEHHAX HaNpsKEeHHd NHTAIIeH
CeTH NepeMeHHOro TOKa.

Yka3annble Ha cxeMe JaHHble COTPOTHBJIEHHH COOTBETCTBYIOT
HanpsxeHuio cetd 120 8 u mpuMeHeHnomy B oMMerpe TOB. JKy-
pOUYKO MHJUIHAMIepMeTpy C mnpefejoM wusMmepenus 0 -+ 0,25 ma.
I1py npumeHeHuu MuIANHAMIEpPMETPA € ADPYTHM INIpelesioM H3Me-
peHHst MW npd Hanps:KeHH# cetH 220 8 nOJKHBI GbiTb NMONOG-
paHbl IJIsi CXeMhl CONDOTHBJIEHHS HHbIX BesnnunH. COOTBETCTBEH-
HO H3MEHATCS M IIKaJbl OMMeTpa.

Korna taxofi oMMenp HCIONb3yeTcs JIJIS U3MepeHHH B NpueM-
HHKaX WM YCHJHTENAX, BO H3GeXKaHHE KOPOTKOTO 3aMbIKaHUS
CeTw uyepe3 CXeMbl HCILITBIBAEMONO amnnapata W oOMMeTpa Ha
3eMJII0 HeoGXOMMMO NOCHENHIOI OT HUX OTKJouath. [lpHeMHUKH
C yHUBEDPCAJbHBIM NHTAHHEM, HENOCPEICTBEHHO COeIMHEHHBIE C
3JIEKTPOCEThIO, Nepej MOAKMIOUCHHEM K HHM OMMeTpa CJexyeT
BO H306eXaHue KOPOTKOrO0 3aMbIKaHUSl BBIKJIOYATb H3 CeTH. DTH
e yKasaHHUs HYXXHO HMeTb B BHIY H NPU NUTAHUH OMMeTpa OT
CeTH NOCTOSIHHOTO TOKa.



2. ABOMETPbI

[Tpy HanaxXuBaHuH, PEryJHPOBKE M HCNBITAHUH TPHEMHUKOB
H yCHJUTeNeH DAaTHOMIOGHTEJI0 HYAHO HMEThb KpoMe OMMeTrpa
BOJILTMETPBl IJI1 H3MeDEHHA pas3/IM4HBIX NOCTOSHHBIX K mepe-
MEHHBIX HallpsXKEHHH, a TakXkKe aMIepMeTphl H MHJJHaMIEpMeT-
pHl S H3MEDEHHS CWJBl TOKa. bojee yIOGHBIM H SKOHOMHUYHBIM
SIBJIIeTC? YHHABepCaJbHBIA NpHGOP, MNO3BOJAIOIIKHA TyTem mepe-
KJIIOUeHHH HCIOMb30BaTh €r0 IJA BCEX 3THX H3MepeHHi. Takof
npu6Op YacTto Ha3blBAIOT aBOMeTp (COKpallleHHe CJIOB —aMIlep—
BOJIT — oMMeTp). Ero HeTpynHO chenath camomy, uMes B CBOEM
pacnopsiXKeHHH MUJJIHAMIEPMETP MAarHHTOIEKTPUUECKOTO THIIA.
[Ipexxne yeMm JgaBaTh NpaKTUYeCKHE CXEMBl M KOHCTDYKUHH aBoO-
MeTpoB, HeOOXOLUMO MO3HAKOMHTLCS C HX OTHEJBbHBIMH JeTaJsaMH
H UX pacieroM.

Zobasounvie conporusaenun. Jns u3MCpEHHs MWILIHAMIEp-
METPOM [OCTOSHHBbIX HaMPAXKEHHH IOC/AeI0BATENbHO C HUM HYXHO
BKJIIOYaTh N06aBOUHOE CONPOTHBJECHHE, BEJMYHMHA KOTOPOTO MO-
XeT ObTb MNOACYHTAHA No (opMyse

1000-U,
R=—7p—"%, 4)

n

,

rae U, — MaKcHMa/jbHOE H3MepseMOe HAlNpsKEeHHEe B 8;
[, —npenen uaMepenHs npu6opa B MH/IIHAMOEPAX, T. €.

TOK, JAIOIHA IIONHOE OTKJIOHEHHE CTPeJKH NMPHGOpa.

Tax xak BeaumunHa JOGaBOYHOrQ CONpPOTHBJAEHU R OGBIYHO

3HAUUTEJNBHO GOJblle CONPOTHBJIECHHA CaMONO MWJJHAMIEpMerpa,

nocJAeJHUM Npu pacuete Mmbl npeneGperaeM. Hanpumep, npu Ha-

JUYHHU. MUJJIUaMIIeDMETpa C NpefesioM H3MepeHus A0 D5 Ma aJas

da3Mepennusi Hanpskendss o 500 8 HeoGxonuMo N0GaBOYHOE CO-
IIPOTHBJEHH®

R="2%2% — 100000 ou.

MHroeowrarvrod npubop. Ias 1oro, yro6H MOXKHO GBLIO
TOYHO W B IIUPOKHX INpefesax H3MepATb HaNpsKeHUsa ¢ no-
MOIIbI0 aBOMeTpa, HeoGXOAUMO MMETh B HEM HECKOJbKO pasJHy-
HBIX JNOGABOYHbLIX CONPOTHBJEHWH, KOTOpble NOJXKHBl GBITH pac-
CYNTAHBl TaK, 4YIro0bl NpWw BKAIOYEHUHM KaXXIOTO H3 HHX CTpeJKa
npuGopa maBasia NpPH 3aJaKEHbIX HANPAXEHHAX INOJHOE OTKJOHE-
nue. Ecau HyXeH npuGop s H3MeDeHHd HanpsXeHHH 1o
500 8, T0 K HeMy ciaedyeT noAobpaTh ONHO A06aBOYHOE COMpO-
TUBJIEHHE, DACCYHTAHHOE MO 3TOMY MAaKCHMAaJbHOMY HampsxKe-
HHIO, H, KpOM® TOro, ellle HeCKOJbKO CONPOTHRJIEHHH MeHblIel
BEJIMUUHBI, NIPH KOTOPLIX CTpelKka npubopa Oyner AaBaTh MOJ-
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HOe OTKJIOHenHe, HanpuMep, npd Hanpsxenusx 100 u 10 s. Ilo
Gdopmyse (4) HETPYAHO ONpeAEJHTb, YTO NPHU HAJUYHH B CXEMe
MUIHaMIepMeTpa 10 5 ma moTpefyioTcs B ITOM Caydae Hoba-
BoyHble conpetusaenus B 20000 u 2 000 om. To unu mpyroe u3s
Tpex MO0aBOYHLIX COMPOTHBJICHUH HYXKHO BKJIIOYaTb B 3aBUCHU-
MOCTH OT BeJIHU{iHbl HU3MEDPSEMOT0 HaMH HaNpSIKeHHus.

TounocTy u3MeperUs HANPAICEHU 8 CXeMAX C 3NEKTPOHHbIMU
aamnamy. Jlna u3MepeHHs: MOCTOSHHBIX HANpSIKEHHH Hemocpen-
CTBEHHO MeXIy 3JIeKTpOdaMH pajguojaMn ¥ MeXAY pas/MuHBIMU
TOYKAMH DaJUONPHEMHBIX W YCHUJIHTEJBHBIX CXeM JKeJaTeJbHO
HMETb aBOMETP ¢ BO3MOXKHO OOJBIIUMU BeTHYMHAMH JOGABOYHBIX
CONIPOTUBJISHUH.

N3 ¢opmyarr (4) oueBHAHO, YTO [JJisi BHIIOVIHEHHS 3TOTO
yCJIOBHS B aBOMETpPax TaKOTO Ha3HAUeHHSl CJeNyeT MpPUMEHSTb
MHJLIMaMIEPMETPhl ¢ BO3MG2KHO MEHBUIEMH NpeleNaMy Hu3Mmepe-
HUsl. DTO OOyCJaBJIUBAaETCs TeM, YTO B LENgX aHOLOB, CETOK H
JDYIHX 3JIEKTPOAOB JaMNl BCENMA, BKJIIOUEHB T€ UJIU HHBIE CO-
npotuBaenHus. Ilpu DOUKIIOUEHHH K 3J1eKTpofaM JiaMI BOVIBT-
MeTpa uepe3 3TH CONPOTHUBJIEHHS MOHICT NONOJHUTEJbHBIH TOK
Ha BOJIBTMETD, MaJleHHe HANpAXKeHHS Ha CONPOTHBJIEHUSX YBe-
JIUYUTCS, a HanpsKeHHe MexK/Jy 3JeKTpPofaM# JiaMil, K KOTOPhIM
NOAKJIOYeH BOJBTMeTp, yMeHbuutTcs. IlosToMy Hampsikenus, Ko-
TOpble NMOKa3bIBAIOT MarHUTOJIEKTPHUECKHE BOJBTMETPHl, BCErna
MeHbllle JNeHCTBUTEJbHBIX HANpsXKEHUH, CYILIECTBYIOUIHX MeXIY
3JIEKTPOJaMi JaMil A0 BKJIOYeHHS aBoMeTpoB. Yem MeHblle no-
TpeOasieMbll BOJILTMETPOM TOK, T. €. YeM MeHbIIe ero mnpexed
U3MepeHUusl M, COOTBETCTBOHHO, uYeM OOJblile BKJIOUEHHOE Ho6a-
BOYHOE CONPOTHBAEHHE, TEM MeHbllle OyJeT pa3HHIa MeXAYy Ha-
Nps2KEHUSIMH Ha 3JIeKTpPONax JaMI NpH BKJIOYEHHH HIIH OTKJIIO-
ueHyy BosbTMerpa. Ho ngaxke B c/iydyae HUCIONB30OBAHUS B aBO-
MeTpe MHU/UIHaMIepMeTpa € NpefesoM H3Mepenus 1 ma npu
GOJILUINX COMPOTUBJIEHHAX B CXeMe NDHEMHHKA WJM YCUJIUTEJNSA
3Ta pasHUUa Bce ke OyXeT BechMa 3HauuTeJbHa. Ilpu H3Mepe-
HUH HaOpsKeHHMH Ha 2JIeKTPodax, KOTAa B UX LensfX BKIKYEeHB
COMPOTHUBJIEHWs MOPSIAKA MeroMa, MOKasaHHs MarHHTO3JeKTpHue-
CKHX INpUGOPOB He NAlT Jaxe NPUOJHMKEHHOTO CYXKIEHHS O
KCTHHHBIX BeJTAUMHAX HaNps:KeHUH M TOYHOCTH U3MepeHui GyaeT
TEM MeHbILE, YeM MeHblle OTHOLIEHH® BEJHYHMHB H06aBOYHOTO
COMpPOTHBJIEHHS BOJBTMETPA K BEeJIMYHHE CONPOTHBJEHHH, BKJIO-
YeHHBIX B Il€Nb COOTBETCTBYIOLIMX 3JEeKTPOJOB .

1 B KOHIle ONHCaHH] aBOMETPOB HM3JaraeTcd MCKyCCTBEHHHIH MeTon yJayu-
IIEeHH TOYHOCTH H3MEpEeHHS MNOCTOAHHBIX HanpsmeHHH OGHIYHHIMH MarHuTO-
9JEKTPHYECKHMH NPUGOpaMHy, TEedyIol U, OfHaKO, BbIYUCICHHUH,
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KayecTBo BOJLTMETpPa B OTHOLIEHHHM TOJBKO-YTO ONHCAHHOTO
€ro CBOHCTBA ONpeNeJseTCs] BCJIHYHHOH, OO6GPaTHO-IPONOPLHO-
HaJbHOH Ipelesy H3MepeHHS NpPHUMEHseMOoro B HeM MHJLJIHAM-
nepmMeTpa, ¥ OLEHHBAETCS 4YHCJIOM OMOB €ro CONPOTHBJIEHHS Ha
1 8 mpenesbHOro M3MEPSIEMOTO HANpsIKEeHHs. DTOT MOKasaTelb
BOJIbTMETpPA He 3aBHCHT OT BKJIOYEHHS €r0O Ha TOT HJIH HHOH
npenes u3MepsieMbIX HanpskKeHHH, a 3aBUCHT TOJbKO OT IIpH-
MeHsSieMOro B HeM MHJJIHaMnepmerpa. Uem OGoJiblle OMOB Ha
BOJIbT MMEeT BOJIETMETP, TeéM 6oJbllle OH MOAXOMUT LJsI H3Mepe-
Hufl B Uensix ¢ GOJBIIMMH CONPOTHBJAEHUSMH. Tak, HampuMep,
BOJIbTMETpP, B KOTOPOM HCIOJBL3YeTCsl MHJIHaMIepMenp Ha 5 ua,
npu npejene usmepenus go 10 g8 paGoraer ¢ RoGaBOYHHIM CO
nporusiendem 2000 om, a mpu npemene usmepenus po 100 s
¢ no6asouyHsiM conpotuBaenuem 20 000 om. B oboux ciayuasx ero
KayecTBO OJHHAKOBO:

2000 o _ 20000 ox
108 7 100 8

=200 owx/s.

[Tpu mannuamnepMerpe Ha 1 ma@ mpu Tex Xe npefejax Hs-
MepeHus] NOGAaBOUHBI® CONPOTHUBJEHHS COOTBETCTBEHHO OYAYT
10000 om u 100000 om u xauecTBO BOJNLTMETPa PaBHO

10000 o4 100000 o
10 1008

= 1000 om/s.

CiienoBaTesbHO, BTOPOH BOJILTMETD IO 3TOMY NOKasaTesio OydeT
B 5 pa3 Jyuille nepBoOTO.

Hamepenue nepemennolx Hanpsascerud. Jlas n3mepenus nepe-
MEHHbIX HanpsiKEHHH HHU3KOH YacCTOTHl NOCJENOBaTeNbHO C JO-
6aBCUHBIM ~ CONPOTHBJIEHHEM HYXKHO BKJIOYaTb KYNPOKCHBI®
BBINPSIMHTEJIbHBIE 3JIeMeHThl (KYNpPOKChl), Ha3HauyeHHe KOTOPHIX—
npeo6pa3oBaHiHe NepPeMEHHOPO TOKAa B NOCTOSHHBIA (TOuHE®
NYJBCUPYIOLIH).

Hama npoMuIIeHAOCTh BBITYCKaeT JAJIsI 3JeKDpOU3MepHTeb-
HBIX NpPUGOPOB ClElHaJbHBle KyNPOKCHble 3JIEMEHTHI.

Cxemor sxarouenus kynpokcos. Ilpoctefimas cxeMa BKJIIOYe-
HUS KYNPOKCAa B CXEMY BOJILTMETpa NOKa3aHa Ha ¢ur. 6,a. Ity
CXeMy MOKHO NPHUMEHSATh TOJBKO JJIsi H3MepeHUH MaJblX Hanps-
XKeHHl — B Npellelax HEeCKOJNbKHX BOJbT. [ns usMepeHuss 3Ha-
YHTEJBHBIX HANpSKEHHH el0 NOJIb30BaThCsl HE peKOMEeHIyeTcs
BBHAY BO3MOXKHOH mopud Kympokca. OT nociefHero HeJOCTaTKa
cBoGonHa cxeMa ¢ur. 6,6. 3mech Kynpoxc K; nponyckaer TOK
yepe3 MHJJHMAMOEPMeTpP BO BpeMsA OIHOTO MNOJynepuoia Iepe-
MeHHOro HanpskeHus. [pyroit Kynpokc Ke BO  BpeMmsi 3TOro
nojiynepuoja TOK uepe3 ce0si NMOuTH He npomnyckaeT. Bo Bpems
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®e BTOpOro noaynepuoma kynpoxc K; uepes ceGs Tok noutu He
nponyckaer, a Kynpokc K mpomyckaer. B peaysbrate storo Ha
Kynpokce K; He moayuaercss BpeIHOrO IJisi Hero HampsiKeHHS.

Jasi BHIIDSIMJICHHS! NMEpeMeHHBIX HANpPSIKEHHH B aBoMeTpe
MOXKHO TakK)Xe NPUMEHHTb MOCTHKOBYIO cxeMmy (¢dur. 6,8).

B cxemax c KynpoxcaMu HeoGXOOHMO NPHMEHSTh MHJJIHAM-
nepMeTpel ¢ NpeAesaMu H3MepeHHs 40 l—+2 ma u, Bo BCAKOM
cayuyae, He 6ojiee 5 Ma, TaK Kak KYNPOKCHI, BbIyCKaeMble JJIs H3-
MEPHUTEJIBHBIX NpHOOPOB, HOPMaJibHO paGOTAIOT TOJMBKO MPH MaJIbIX
Tokax. ITeperpyska KympokcoB TOKOM MOXET MOBPENHUTH HX.

a) %)

@ue. 6. CxeMbl BKJIOUeHHS KynpokcoB — Que. 7. TunuyHasg mkajda npu6opa
B BOJbTMETPax JAJs H3MepeHHs Iepe-  HEPEMEHHOrO TOKa € KyNpOKCaMH.
MEHHBIX HampsxeHni.

Tunuunas wkama npu6opa MepeMeHHOrO TOKAa C KYNpPOKCaMH
nokasana Ha ¢wur. 7. B Hauvajne wkama HepaBHOMEpPHa BCJEA-
CTBHE HaJUYUs KPHBOJHMHEHAHOrO ydyacTKa XapaKTePUCTHKH KYII-
pPOKCa H B 3THX NpelesaX TOYHOCTb H3MEpeHHs MOHHKeHa.
Jaaplie mKana MOYTH paBHOMEpHA.

O suibope rkynpokcos. KauecTBo KynpoOKca OILEHHBAeTCsl OT-
HOLIEHHEM CHJIBI TOKa, NPOLYCKaeMOH HM B OJHOM NpPSIMOM Ha-
OpaBJIeHHd, K CHJIe TOKa, MponycKaemo# B o6paTHOM HalpasJe-
HHH, NPH ONHHAKOBBIX HANpSIKEHHAX OGOUX HampabjeHHH. DTO
OTHOILIIEHHE He SIBJAETCS BENHYHHOH IIOCTOSTHHOH- M 3aBHCHT OT
BEJHYHHBI [OABENEHHOTO K KyNpoKCy HanpsikenHsd. [Ipu oueHn
MaJIbiX HanpsKEeHHsX — 3HAYHTEJNbHO MeHblle | 8 —3To OTHO-
IIeHHe HEeBEJMKO U BO3PAcTaeT MpU IMOBLIIICHHH HaNpSIKEHH:
npumepHo 10 2+ 3 6. [Ipu GosblieM HampsiKeHHH CUjla TOKa B
o6paTHOM HalpaBJeHWM HayHllaeT BO3pacTalb ObICTpee M OTHO-
[IeHWe TOKOB CHOBAa INafaeT — CHayaja MeNJIEHHO, a HauyHHas <
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5-+-6 & nosoabHo pesko, OnTHMajbHOe OTHOIIEHHe MPAMOro H
06paTHOTO TOKOB IIGJyJaeTcs MNPH HalnpsDKeHUAX MNOPsAKa
2+ 6 8 u UMeeT BeJWUUHY NOpPALKA COTEH, a.y Jyuylwiux o6pas-
IIOB KYNpOKCOB ellle GoJbliie.

Tak "kak TOK yepe3 MHUJJIHAMIIepMeTpP ONpeneasercs Kar
pesyJbTaT COBMECTHOTO NEHCTBUS NPSMOTO U OOPaTHOTO TOKOE,
HeoOX0oNUMO, 4TOObl HefCTBHe NMPSIMONO TOKa BO3MOXKHO MeHbllle
0cs1a6asy10ch DedCTBHEM OOGpPaTHOrO TOKA, TaK Kak NpHU 3TOM [e-
SyJBTHPYIOIKHA TOK Yepe3 MHJJIMaMIIepMeTp NpH AaHHOM fepe-
MEHHOM HamnpsikeHnuu Oyder BospactaTb. OTCIONa CJefyeT, 4TO
yeM GOJIblile OTHOLIEHHE TOKOB, TeM MeHbIIUH nepeMeHHbIH TOK
HYKHO OTGHDAaTb OT H3MEPSEMOTrO0 HCTOYHHKA AJIA TOJIYyueHHs He-
06XOIMMONO TOKa 4Yepe3 MHJUIHAMISpPMETp U TeM OoJabliee Jo-
6aBOYHOE COIMPOTHBIiEHH® HeoOXOoAuMO OyleT B CXeMe BOJbT-
MeTpa ¢ AaHHBIM KympokcoM. Takum o6pasoM, OTHOLIeHHE Nps-
MOTo H 0GPaTHONO TOKOB OKa3biBAaeT CYIIECTBEHHOE BJMSAHHE Ha
KayecTBO BOJILTMETpa MEPEMEHHOrO TOKa.

[TpuGu3uTebHYIO OLIEHKY KayecTBa KYNpoXca MOXKHO NDOH3-
BEeCTH C NOMOIIBI0 OMMETpa, HCIOJbL3YIOUIEr0 B KayecTBe HCTOY-
HUKa HampspKeHHsi Garapelfiky KapmanHoro (Qonaps. Kynpoke
NOJKJII0YaeTcs K OMMETDY CHayaja B ONHOM HampaBjeHHH, a 3a-
TeM — C MepeMeHOH ero MQJApHOCTH. Ec/u usaMepeHHBHIE TakKuM
oGpa3oM JBe BeJUYMHBl CONPOTHBJEHHS OTJAHYAIOTCA APYr OT
Apyra B HECKOJBKO JeCITKQB pa3, KyNPOKC MOXHO CUMTATh IIpH-
roguuM. Eciu Mmeercss BHIGOp, CHEAYeT CTaBHTb B CXeMy Kyil-
POKC ¢ BO3MOXKHO GOJIBLIMM OTHOIIEHHEM MPAMOTO TOKa, K 00-
patHoMmy. Ilpu Hanmuuuu ABYX M4 HECKOJbKHX KYNPOKCOB C pas-
HEIMH JaHHBIMH B cXeMy, ¢ur. 6,6 ciexnyer nocTaBUTb Kynpoke Ki
¢ GOJIBLINM OTHOLUIEHHEM MpSMOro ToKa K o6paTHoMy. K Tomy xe
A TOKa NpPSMOTO HanpaBJIeHUs KeJaTeJdbHO BbIOPAThb KyNpoKC
C BO3MOXKHO MEHBIINM CONpOTHBJeHHEM. Kynmpokcel ¢ Majlo oT-
JIMYAIOMHAMHCSA CONPOTUBJEHHAMY B OGOUX HANPABJEHHSX HYXHO
NPH3HATb HEDPOLHBIMHU. ‘

[lpoBepKy COMpOTUBJIEHHH KYNpOKCOB HEAOMNYCTHMO INpPOU3BO-
OUTb OMMETpaMH, MUTAaeMBIMU OOJBLIUMU HaNPAXKEeHHAMH, TaK
KaK OHH MOTYT NMOBDEAUTBb KYHPOKC.

BropuiM, TpeGoBaHHEM K KYyNpoKCaM HJs H3MepHTEJbHOrO
npu6opa ABJASETCs HeGOJbIIAs MOBEPXHOCTb MX BbIIPAMJISIOUIAX
IJIaCTHH, TaK KaK B NMPOTHBHOM Cillydae MJIOTHOCTb TOKa Ha €l1d-
HUIY BHIOPSAMJISIONIE MOBEPXHOCTH 10JYYaeTcs OY€Hb MaJyioH H
OTHOIIIEHHe MPAMOTO TOKa K oGpaTHOMY yMeHbluaercss. CyulecT-
BEHHO TaKXXe, YTO BBIIPAMJIAIOIIAs NMapa GOJbIIOH NOBEPXHOCTH
o6GslafaeT 3HAYHTEJbHOH eMKOCThbIO, KOTopas OydeT HpoNycKarh
3HAUUTEJIBHYIO 10 CPaBHEHHIO C MOCTOSHHBIM TOKOM €ro Iepe-
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MeHHYIO chiafalolitylo, yho YXYAlWIAeT BuMpsMutelbHoe HeHCTBHE
Kynpokca. Kpome Toro, GoJibliasi eMKOCTb YXYALUIA€T YaCTOTHYIO
XapaKTepUCTHKY ‘HpuHOopa, TaK KaK C YBeJUYEHHUEM YaCTOTHI
nepeMeHHas cJjaraipoilas yepe3 eMKOCTb GyNeTb BO3pacTaTh, mHa-
JeHHe HaMpsiiKeHUsl NepeMeHHONO TOKa Ha L0GaBOYHOM CONPO-
THBJIEHHH OYyZeT YBeJNUUUBAThCS, a HANpsKEHHE Ha KYyNMpOKCax
OyZeT yMeHbLIaTbCH, T. €. C YBEJHYGHHEM YacTOThl (NMpH Heus-
MEHHOM HampsKeHHU HCTOYHHKA) OTKJIOHEHUEe CTpPesNKU mpubopa
OyZer yMeHbLIaThCA.

M3 stux coolpaxkeduil B aBOMeTpax BO3MOXKHO NpHMEHeHHE
TOJIBKO MaJjloraGapuUTHBIX KYNPOKCOB, IIpeIHa3HayaeMBIX cClie-
IMaJbHO JJIS U3MEDHUTeJIbHOH amnapaTtyphl. B HUX BbHIpAMUTENb-
Hble napsi UMeIOT AefCTBYIOLpie MOBEPXHOCTH MOPAAKAa HECKOJb-
KUX KBaZDaTHbIX MUJIJIHMETDPOB WJM JeCsTKa KBaADaTHBIX MHJI-
JauMeTpoB. Xoporuio paGotaloT Kynpokcel Tuna 34-1, a Takxe Tu-
na «LiBurektop». Kynpokc 3U-1 mo BHewHeMy BuUILYy H pas-
Mepy TaKoH ke, KaK KOHOEHCATOp, 3alpecoBaHHHIA B ILIACT-
maccy. MoxxHO TakXe peKOMeHIOBAaThb NpHMeHeHHe OTeueCTBEH-
HBIX KYNpPOKCOB, OOPMJEHHHX B BUAe lITeNnceJbHOH BHJIKU. JlJa
aBOMeTPa MOXKHO NPHMEHATb TaKXKe KYNPOKCHBIH BBINPSIMHUTENb
OT TesNleOHHBIX KYNPOKCHBIX peJsie, KOTOPhI COCTOHT U3 HECKOJIb-
KHX KYTDOKCHBIX 3JIeMEHTOB, COOPAaHHBIX MO MOCTHKOBOH CXeMe.
OrMeTuM, 4YTO NPUMeHeHHe CEeJIEHOBBIX BLIIDSMUTENbHBIX 3Jie-
MEHTOB B H3MepHTEJNBbHBIX NMPHOOPAX MeHee XKeJaTeldbHo, YeM
NpUMeHeHHe KYNPOKCOB, TaK KaK OHU HBMEHSIOT CBO€ COlpo-
TUBJIEHHEe NPH HPOXOXKIEHHH uYeDe3 HUX 3JIeKTPUYECKOIo - TOKA,
YTO JOBOJIbHO CYLIECTBEHHO BJIMSIeT Ha TOYHOCTh MOKa3aHHH u3-
MepHUTeJBbHEIX NMPHGOPOB.

YacroTHas XApaKTepuCTUKA BOAbTMETPA C KYNPOKCHOIMU dAe-
menramu. ToYHOCTb NMOKa3aHMA BOJBTMETPOB C KYIPOKCHBIMH 3Jie-
MeHTaMU YXYAUIAeTCs C MOBBILIEHHEM YaCToThl H3MepseMOoro Ha-
NpsiKeHus, TaK KaK HaJuyue Yy KYNPOKCHBIX BHIIpSAMATeNeH
eMKOCTH BbI3bI3aeT YMeHbLUEHHe NPH JaHHOM HaNpsKeHHH OT-
KJoHeHus. [Ipy NmpOBOJIOUHBIX HOOGABOUYHBIX COIDOTHBJEHHSX, 00-
JaJaloluX UHIYKTUBHOCTBIO, 3aBHCUMOCTbh MOKa3aHHH npubopa
OT YacToThl elle GoJblle, 3aBUCHMOCTb NOKa3auuii mpubopa OT
HaCTOTH MOXKHO JO HEKOTOpOH CTelneHH YMEHBIUHTb BKIIOYEHHEM
napaJjielbHO 4acTH J0GaBOYHOrO  CONPOTHBJIEHHS  KOHZAEHCa-
mopa C; (¢ur. 6). Jlns caMblX HH3KHX YaCTOT eMKOCTHOe COIlpO-
THBJIEHHE KOHIeHCaTopa siBJisercss HauGOJBbIIHM U uYepe3 HEero
6yfeT MPOXOIUTh CpPaBHUTEJbHO HeGoublIoN TOK. C yBenHueHHueM
YaCTOTLl COMPOTUBJIEHHE KOHIEHCAaTOpa YMEHbIIaeTCs U BMecTre C
TeM yMEHBUIUTCS u O6llee CONpOTHBJCHHe LeNH, MO3TOMY TOK,
HAYymud yepes KyNPOKCH M MWIJIHAMOepMeTp, BO3pDacTaeT.
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Takum c¢nmoco6oM MOXKHO KOMIIEHCHDOBAaThb MajeHue CHJH
TOKa 4epe3 mpHGOp 3a cueT KynpokcoB. EMKOCTb KoHmeHcaTopa
H MECTO ero BKJIIOUEHHUSI NOJIKHB! GBITb MOJOGPaHBl MPaKTHUECKH
(cM. Hmxe).

Cxema Qs usmepenuss NOCTOAHHBLX U NEPEMEHHbIX HANPAXCe-
Huid. OfuH U TOT e NpHGOP MOXKHO HCIOJL30BATh IS M3Mepe-
HUSl KaK NMOCTOSIHHBIX, TaK M IepeMeHHBIX Hampsxkeuufi. Ilpu-
6ophl, coGpanusie Mo cxemam ¢ur. 6,@ w 6,6, TOTKHBI MOMKJIIO-
YaThCsl K WCTOYHHKAM HOCTOSIHHOTO TOKa € 063aTeNbHBIM COGJIO-
OeHHeM MOJITIPHOCTH: MOJIOKKTEJNBHBIH IMOJIOC H3MEPSeMoro Ha-
ApAXKEHUs MOJIXKeH BKJIOYAThCA Ha 3aXKUM, COeIMHEHHHH c mio-
COM MHuJJIMaMnepMerpa. BosbTMerp C KympOKCaMH, BKJIIOUEHHbI-
MH 1O MOCTHKOBO# cxeme (¢ur. 6,8), maeT NMOKa3aHUs BeJHYHHBI
NOCTOSIHHOTO HanpsXKeHUs NpH JI0G0H NOMAPHOCTH BKJIOYEHHS
NoCJeHero,

ITpuz uaMepenuu BOJBTMETPOM C KYNpPOKCAMH CPaBHUTEJLHO
MaJblX HanpsKeHHH, KOrZa NOGaBOYHBIE COMPOTHBJIEHHS HMEIOT
BEJIMYHHY TOTO JKe NOPSAKA, YTO # COTNPOTHBJEHHE KYyNpPOKCOB B
HATpaBJIeHHU JyUllefl NMPOBOAUMOCTH, OTKIOHEHHE CTPEJKH He
NPONOPIHOHANBHO BeJMUYUHE H3MEDPSAEMON0 HaNpSKeHHsd, T. €.
mkajna npH6Gopa mnoJsydaercss HepaeroMmeprofi. Ilpu usMepenu:
)Ke OOJlee BBICOKHX HAaNpSKEHHH, KOMIa BKJICUAIOTCH GOJIbLIHE
I06aBOYHblE COMpPOTUBJEHHS, 3Ta HEPaBHOMEDPHOCTb MeHee 3a-
merHa. OTKJIIO49eHHe KYNPOKCOB MU H3MEPEHHW MOCTOSHHBIX Ha-
NpsKeHHH HaeT BO3MOXHOCTH IOJYYHTb PABHOMEPHYIO LIKAJIYy
JIJIg 3THX HanpsikeHH# no Bceit ee anuue. B 3TOoM mpeumyliectBo
CXeMBl C OTKJIOUEHUEM KYMNPOKCOB. 3aMETHM, u4TO I'DaAyHPOBKA
IIKaJBl NpHGOpPa Kak C OTKIIOYaeMbIMM, TAK W MOCTOSIHHO BKJIO-
YeHHBIMH KYIPOKCAMH IJIS MOCTOSIHHBIX HaNpsKeHH# nosyyaercs
HHOH, UeM [Jf NEePEMeHHBIX HanpAXKeHUH.

Ha ¢ur. 8 nokasana cxema u3aMepeHHs] NMOCTOSIHHBIX u Hepe-
MEHHBIX HanpskeHHuil. Xors B Hell MPH U3MELEHHH MOCTOSTHHBIX
HANpsKeHUN KyMpPOKCHl H He BHIKJIICUAIGTCA, HO NPaKTHYECKH OHU
He BJHAIOT Ha PaBHOMEDPHOCTb I'DAaXyUPOBKHY ~iKaJbl. [TepeMeHHO®
HampsiKeHHe BKJouaeTca Mexny 3axumamd ~ H 0. Ilpu stom
NepeMeHHbIi TOK WMIeT uepe3 No0aBOYHOE CONMpOTUBJAeHWe Ry M
JefiCTBHe CXeMBbl COBEpIIEHHO aHAaNOTHYHO HeHCTBHIO CXeMHB
¢dur. 6,6. IlocTosiHHOE HampsiKeHHe BKJAOUAETCS MEXNY KJIeM-
MaMH ¢ oGosHaueHUAMH |+ u 0; MOCTOAHHBIA TOK IPOXORUT
yepes N00aBOYHOE CONMpPOTHBJEHHE Ry ¥ HEMOCPENCTBEHHO yepes
musnuamnepmerp M. B stom ciyuae o6a kynpokca K, u Kp oka-
3HIBAIOTCA BKJIOYCHHBIMA MOCAEIOBATEJbHO MEXIY co6Oi H ma-
pasiiesibHo MuAnHamnepMerpy. Ins noCTOAHHOTO TOKa NaHHOMO
HanpaB/eHHs KYNPOKCH OGNalaloT HeCpaBHeHHO OOJBIIUM CO-
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NPOTHBJIEHHEM, YeM MUJIIHAMIEPMETDP, U TOK B KYNPOKCH MOYTH
He orBerBasieTcs. [losToMmy, HecMOTpPs Ha HaJHyHe KYNpPOKCOB,
NPHCOENHHEHHBIX MapaJUIeNIbHO MUJIMaMIepMeTpy, cxeMma HAel-
CTBYCT NpPH H3MEpeHUV MOCTOSHHBIX HaNmpsKeHHH MpPaKTHYECKH
TAK, KakK ecju Obl KYOPOKCOB B cXeMe He ObLIO.

Koncrpykyus dobasourvix conporusaexuti. Jlo6aBouHble CO
npoTHBJEHHUs JJIS aBOMETpa C MMJiaMnepMmerpoM Ha 1 ma mo-
ryT GHITb HaMOTaHBl H3OJMPOBAHHLIM MPOBOLOM [HAMETPOM HE
menee 0,03 mm, a Oad aBoMeTpa C MHJJIHaMIIepMETpPOM Ha
5 ma—nuamerpoM He MeHee 0,08 mm. Ilpu ykasaHHBIX puaMeT-

pax IJIOTHOCTh TOKa B OGMOTKax co-

+ npoTuBjeHd# He Oyner npeBbILIATh
” MaKCHMaJIbHO  JONYCTHMOH HODMHE
(1—1,5 a/mm?). HeoGxomuMmuie KOJH-

gecTBa IMpOBOAa AJA H3IOTOBJEHHS

TaKdX CONPOTUBJIEHUHA Ha Mpelresnl

# usMepenus 0 - 10, 0100 1 0+-500 8
(pU pasjHYHBIX IPUMEHSIeMbIX B aBO-

—~— MeTpe MHJUIHaMIepMeTpax yKasaHH
¢ B 1a6u. 3 u 4 (B uHCAUTENSAX — IJIH-
# Hbl B M, B 3HaMeHaTeJsX—Beca B 2).
+( )" ! BecoBble maHHBle TaGJaHI[ COOTBET-

At CTBYIOT HEH3OJUPOBAHHOMY, MpPOBOAY.
Lns onpenenenuss HeoGXOLHMOIO Beca
MpoBOfa B 3MaJjieBOH U3OJMAUUH He0O-
7 XO0ZmMMO opnen;;onpoaoqno clreJiaTh Ha-

8 c kuaky B 20%, a nans npoBonoOB
ﬂ;xz fmﬁ’éeeﬁf.f ﬁlé'é’ﬁé‘nﬁﬂi [M3UIO, IO uau MM opuenrHpo-
H NOCTOfHHBIX Hanpmxenuﬁ. BOUHAs] HAKHAKA Beca OOCTaBAsET

50%. B cayuae npHMeHeHHs B aBoO-
MeTpe Ha TaKHe X© HaOpsKeHHs MHJNIMamiepMerpa ¢ Mpe-
nenoy wu3Meperuss no 10 ma MOXHO BOCHONB30BATHCA HaH-
HbIMu Tabs. 4, yMeHbIIHB B 2 pa3a BeJHYHHY CONPOTHBJISHHS,
IJIMHY # COOTBETCTBEHHO BeC mNpoBoga. [laHHBIMU 3THX Tabauu
MOXHO MOJb30BATLCA H IJA ONpefejeHus HeoGXOTHUMOIO KOJH-
y.cTBa NMpoBOMla DpPH ADYFHX 3ajnaBaeMbIX Npefesax H3MepeHHs
B BOJILTAX, YBeJHuUUBas HJIM YMeHbilasi NPOMOPIHOHANBHO H3Me-
HEHHIO TMpeeNIOB H3MepeHHs BeC y IJIUHY MPOBOLOB.

Jlo6aBouHbIe CONDOTHBJIEHHS AJisi HanpskeHui ceime 1006.
HY>KHO HaMaThIBaThb CEKIUAMH, YTOGHI Ha KAXKIOH CEKIHHU noJyya-
JChb Nalenue HanpsikeHus He cseie 50 —-100 8.

Ilpumenenue OCTEKA0BQHHOLX U HENPOBOAOUHbLX CONPOTUBAE-
Hud. B kauecTBe N0GaBOYHBIX CONPOTHBJEEMA MOXKHO DEKOMEH-
ICBaThb OPUMEHEHW® 3MAIUPOBAHHBIX (OCTEKJIOBAHHBIX) CONPO-
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THBJIEHHH, a TAKXe CTAaGHIbHBEIX HENPOBOJIOUHLIX COIPOTHBJEHHI,
nanpamep tuna CC. Conporusinenuss TO npuMeHATb He CJedyer,
TaK KaK OHH C TeYeHHEeM BpeMeHy 3HAYHTEJbHO H3MEHAIOT CBOIO
sennuuHy. Ilpu npuMeHeHHH HENPOBOJIOYHBIX CONPOTHBIEHHH, M3
coobpaxeHuii ycToiunBOCT™H HX paGoThl B cxeMe (CTaGHJILHOCTH
UX BeJHUYMHB NPH HAarpeBaHHH TOKOM), HeOOXOHHMO PYKOBOACT-
BoBaThcd caepylouuM: 1. MoimHocTb, (PaKTHUECKH pacceHBaemas
Ha KaX/[IOM CONDOTHBJIGHHH, NOJIXKHA OblTb NO KpaliHeli Mepe B
2 pasa MeHblle HOMHHAJbHO AOnycTHMOH Anas HuX. 2. [lameHue
HaNpsXKeHUsl Ha KaXXHOM COMPOTHBJIEHHH He JOJKHO MpPEeBHIIATh
100 8. B nocnexnux crpokax Ta6sa. 3 H 4 ykasaHn HeoGXOnH-
Mble AJIfl COCTABJIEHHS 3alaHHBIX HOGABOYHBIX CONDOTHBJIEHUH
MHHHMAaJIbHEI® KOJNHMUECTBA MOCJIEIOBATENbHO COENHHSIEMBEIX CO-
NPOTHBJIEHUA W HOMHHAJNBHbIE MOIIHOCTH KaXJIoro u3 Hux. Ilan-
HBIMH B YaCTH HOMHHAJBHBIX MOIIHOCTEH -MOXXHO IIOJIb30BaThCA
B TOM Cjiyyae, eCJid XefACTBHTe/bHble BEJHUYHHBl OTHEJBbHHIX He-

Ta6aunmga 3

JAHHBIE JOBABOYHbIX COIPOTHBJIEHUI K ABOMETPY
C MUJIJIMAMIIEPMETPOM HA | xa U1 U3MEPEHHS ITOCTOSHHBIX

HANPSKEHUA
INpenen usmepenus 0—10 s 0—100 & 0—500 6
Beanunna no6aBouHoro
CONIPOTHBJAEHHA . . , 10000 ox 100 000 ox 500 000 ox

JluaMeTp nmpoOBOAa, MM 0,05 0,08 | 0,05 0,08 | 0,05 0,08

M 49,0 126 490 1260 | 2450 6300
Huxkenus, 2ttt —

0,9 5,6 8,2 56 41 280

M 45,6 117 456 1170 | 2280 5850
Magranus, 5 -« ..o 0,8 5 | 7.6 49 | 38 )

K : 40,0 103 400 1030 | 2000 5150
OHCTaHTaH, 0,7 4,6 | 7,0 46 | 3 230
M M 1120 2770} __ _ _ _

CAB, , T30 125
Henposoaounne . . . .| 1 wr. 0,25 8m | 1 wr. 0,25 ém |5 wmr. mo 0,25 sm
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Ta6auna 4

JAHHBIE IOBABOYHBIX COIPOTHBJIEHWUI K ABOMETPY
C MHU/IVIMAMIIEPMETPOM HA 5 xa 1J11 U3SMEPEHWA MOCTOAHHBIX

HANPSOKEHU A
Ilpenen u3Mepenus 0-10 8 0100 s 0500 &
BeanunHa 106aBOYHOro
CONMPOTHBJEGHHA ., . . 2000 ox 20000 ox 100 000 0.

Jluametp npoBona, MM 0,08 0,1 0,08 0,1 0,08 0,1

T— “o 25,2 39,2 | 252 392 | 1260 1960
» 2 1 1,2 3 12 27,5 56 137

Y e— » 23,4 36,6 234 366 | 1170 1830
i Ut |T1 Te5 | T100 4 49 122

Koucrauran. * - - . . 20,6 82,0 | 206 320 11030 1560

* 2 : 1 2,4 | 9,2 22,5 | 46 110
575 S00 _ _ _ _
Menb, 2 Tttt % 53
Henposoaoysnie . . .| 1 wr. 0,25 ém 1 wr. 1 8m 5 wr. mo 1 aem

NPOBOMIOYHBIX CONpPOTHBJEHHH, 00pagzyloliux m00aBOYHOE COIPO-
THBJIEHHE, OTJIMYAIOTCS APYr OT gpyra He Gosblue yeM Ha 20%.
Ecnu e pasHula B WX BeJHYHHAX 3HayuTeJbHee, HEOOXOLHMO
IS KaXXOOIo CONMPOTHUBJIEHHS ONpefesuTb (hakTHYECKH pacceH-
BaeMYyI0 MOILHOCTL P no ¢opmyie

1 9ma.x ‘R
1000000 ’ ()

rie R — BeJHYHHA S5TOrO CONPOTHB/IEHHHS, OM;
I .y — MAKCHMA/IBHO BO3MOXCHHIH TOK, MNPOXOAALIHH uepe3
CONpPOTHBJIEHHE B MA.

Ecap nonyueHHass pacueToM MOLIHOCTb GyZeT GoJblile NOJO-
BUHH HOMHHAJbHOH MOIIHOCTH AAHHOTO HENpPOBOJIOUHOIO COMlpO-
THBJIEHHs, HY?HO H3MEHHTb KOMOHHAUMIO BbIGDAHHBIX HENPOBO-
JIOUHEIX CONPOTHBJCHUH, O6pasylomuX N00aBOYHOE COUPOTHBIE-
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Hue. B Havase Her HEOGXONHMOCTH TOYHO MOATOHATH Kaxaoe AO-
6aBOYHOE CONpPOTHBJEHHE NOL pacueTHylo Beawuudy. Heso B
TOM, YTO NOJydellHas pacyeToM BeJIMUYHHA NCGAaBOYHOTO COINPO-
THUBJIEHUS MOXeET He BIOJIHE COOTBETCTBOBATb HeOOXONHMOH Be-
auguHe. Takoe sBJIeHHe MOXeT HMeTb MECTO B TOM CJy4ae,
KOrIa TOK MOJIHOTO OTKJIOHEHHS MHJIHaMNepMeTpa HEeCKOJbKO
OT/IHYaercss OT NPHHATONO NpH pacyere, HanpuMmep, BCJEINCTBHE
CTapeHus MarHuTa, NPyXHHOK NpHOGOpa WJIH B pe3yjabTare CMe-
IIeHHs MarHuTHOTO IyHTa (cM. Huke). Ilporepka coorBercTBHA
H3TOTOBJIEHHOT'O N00aBOYHOIO CONPOTHUBJIEHUS U B Clyyae Heob-
XGAMMOCTH NOATOHKH €ro BeJHYHHbl NPOM3BOAMTCS B Ipolecce
rpafiyHpoBKx aBOMETpA..

Ilo06op dobasounbix conpoTusserull +
Oas cxemol ¢ kiynpoxcamu. Tlo dopmy- 7
ge (4) pacyer BeJuuyHH JOGAaBOYHHIX CO- ‘
NPOTUBJIGHHHA JUIA CXeM C KYNpOKCaMH

Iﬂ
o ot
ne Gyxer TounbiM. JleficTBATENBHO, He-
06XoNiMEle N06aBOUHbE COMPOTHBJEHHS +
nas cxeM ¢ur. 6 Bcerna 6ynyr Menbue. J ‘I»l /?w @ %
-
7p

3apaHee TOYHO paccuHTaTb A06GaBOYHHIE

COIPOTHUBJIEHUS He NpenCTaBJsAercs BO3-

MOXKHBIM, TaK KaK pas3jIHuHble 35K3eM-

IJAPH KYTIPOKCOB 0GafaioT pasjiMyHOH

[POBONUMOCTbIO KaK B MPSAMOM, TaK H B V

0oGpaTHOM HanpaBJI€HHH, YTO CYLLIEeCTBEH- -

HO BJIMSeT Ha MoKa3ahusg npubopa. ITo- Puz. 9. Cxema BkmoueHus

5TOMY, €CJIH KeJaTeJbHO HMeTh BOJIbT- UWYHT2 K MHLIHaMIEpMETpy.

MeTD ¢ 3apaHee 3alaHHBIMH OpeJejJaMH

H3MepeHu#, 106GaBOYHbIE CONPOTUBJIEHUS HEOOXOAUMO MOXGUPaTh

NpAaKTHYECKH B Mpollecce rpafiyupoBKH npubopa, Kak GYymer omu-

CaHO HHXe. ‘
Ulyurer k musruamnepmerpy. Ias usmepeHHs TOKOB GOJb-

wefi CuJabl, yeM mpenes H3MepeHWs MUJIHaMnepMmerpa, napad-

JeJIBHO €My BKJIIOYAIOT CONpOTHBJENHHEe, HoCfAllee Ha3BaHHe

wyHdTta (¢ur. 9); Torra TOK pasBeTBJfeTCS: OAHA YACThb €ro Mpo-

XOIHT Yepes MuJuiHaMnepmerp, a xapyras — yepes wyHr. Co-

npoTHBJeHue IWyHra R, paccunthiBaercs no Qopmyse

Rm = RO : '[__n-—r (6)
HJIH

R,= @)
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rxe [R,— CONPOTHBJICHHE MH/IIHAMIEPMETPa;
I, —cuaa TOKa Yepes MH/IHAMIEPMETP MDPH OTKJIOHEHHH
€ro CTPEeJKY JO MOC/EeIHEro JeJCHHS LIKaIH;
1, — MaKCHMaJIbHas CHJA TOKa, KOTOPYIO HYKHO H3MEPHTb
MHJIJIHAMIIEPMETPOM C BKJIOUEHHHIM LIYHTOM;
n— Tpefyemoe yBeNHUeHHE OpeJe/]a H3MEPeHHS MHJIH-
ammepMerpa.

Hanpumep, X/s yBe/IHUeHHA Mpejesa H3MEDEHHA S-MHIUIA-
amnepHoro npuGopa, EMeomero conporusjenne 2 ox, B 100 pas,
1. €. 1o 500 xa, HeoOXOJHMC Napal/ie]bHO €My BKJIOUHTDH
HIYHT C CONPOTHBJEHHEM

— 5 —
Rw-——2°‘5—0m —\-0,02 oM.

Crpenka MHJAJAHaMIepMerpa AacT B 3TOM Ciayyae MOJHOe OT-
KJOHEHHe npw cHjae Toka B ofuedi umenw, pasHoil 500 xa, B 1O
e BpeMs CHJla TOKa 4epe3 Mujavamnepmerp Gyner paBHa 5ma.

Jlas nonydyeHduss TOYHOCTH
H3MepeHHs B UWHPOKHX mpe-
JeJlax HYXXHO HMETb HeCKOJb-
KO IIYHTOB C pasJIHuYHBIMH
COIpPOTHBJIEHUSIMH, PacCUUTaH-
HEIMA TakKHM 0o0pa3oM, 9TOOH
NOpH BKJIIOYEHHW DPa3IHUHBIX
UWIYHTOB CTpeJKa MUJJIHAM-
nepMerpa  OTKJIOHSJIach JO
KOHIA ero IIKaJjH INpH pas-
JIMYHBIX CHJIaX TOKa B LEMH.
Ecan meo6xomumo, Hampumep,
HMeTb npubop s H3Mepe-
HUSA TOKOB cHJ0fi Ho 5 a, 10
MOXKHO CHeJaTh K HEMy ONUH
[YHT HAa 3TOT MaKCHMaJbHBIA
@uz. 10. Cxema ,yHuBepcanbHoro* TOK H, KpOMe TOrO, ellle ILIyH-

WyHTa K MHJIHaMOepMeTpy. Thl, NpH BKJIOYEHHH KOTOPHIX

CTpelJKa  MHJUIHaMllepMeTpa

6yZeT IaBaTb MOJHOe OTKJOHeHWe, HanpHMep, NpH TOKax B

500 ma u 50 ma. Heo6Gxogumble CONMPOTHBJIEHHS LIYHTOB OINpe-

neasiorcs no ¢opmyne (6) uau (7). Msmepenne Toka mo 5 ma
MOKEeT NPOU3BOIHTLCA NPH OTKJIOYEHHBIX [IYHTaX.

YnusepcarvHoul wynr. B, aBoMerpax oueHb ynOGHO NpuMe-
HeHHe TaK Ha3blBaeMONO YHHBEPCAJBHOIO IIYHTa, CXeMa BKJIO-
YeHHs KOTOPOro nokasana Ha ¢mnr. 10. OCHOBHBIM NpeHMYILECT-
BOM TaKOTO LIYHTA SBJAETCS BO3MOXKHOCTb LIHPOKONO H3MEHeHHs
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NpENeJIOB H3MEDPEHHS CHJBl TOKA IPH NPaKTHUECKOH He3aBHCH-
MOCTH CORDOTHBJICHHS IIYHTa OT CONpPOTHUBJEHHS MHJNIMaMIep-
MeTpa (IIpd YCJIOBHH, YTO COIPOTHBJEHH® MUJUIHAMIIepMeTpa
3HQUUTEJLHO MEHbIIE CONPOTUBJEHHS IIYHTa), W HOTOMY LIYHT
MoXeT OBITh NpuMeHeH K JioSoMy Muanuamiepmerpy. OcoGed-
HOCTBIO TAaKOrO IIYHTa SIBJASETCH TO OOCTOATENBCTBO, YTO MaleHHE
HanpsKeHUsl Ha npubope c IIYHTOM Hpu JOGOM mpejene H3Me-
peHHs TOKa OJHHAKOBO.

~ Kak BumHO u3 ¢ur. 10, yHMBepcaJbHBII MIYHT COCTOUT H3 He-
CKOJIBKHX TMOCJIeNOBATENIbHO COEQVHEHHBIX COTpPOTUBJIEHHHA oOmpe-
IeNeHHOH BeJMUHMHBI U TNepekimoyarteas. MaMepeHue TokoB, He
NpeBHIIAIOLIHX Npefesbl H3MepeHHs MUJLIHaMIIepMeTpa, OCyILecT-
BJSETCS NPH YCTAaHOBK® IMepeKJioyaTesss B MOJOXKeHUe, 0603Ha-
yenHoe X |; B 3TOM ciydyae npakTHYecKu BeCh TOK HIET yepe3
MWIIMaMIepMerp, Tak KaK CyMMapHoe <ColpoTHBJeHHe R}
+Ro+ R;~+ R, 3HauutesbHo Gosiblile COTMPOTHBJASHMS MHUJLIH-
amnepMmerpa R,. Ilpu ycraHoBke mepexmioyaTenss B NQJOXKe-
aue X 10 TosIbK® OmHa JecATas 9acTh TOKa, NPOXOAAILEro B
u3MepsAieMOl LeMH, OTBETBJIAETCA Yepes CONDPOTHBJEHHe Ry n
MunawammepMenp M, a ocTanbHOM TOK HIET Y€pe3 COINpPOTHBIE-
Hust Ry, R; u R, cjemoBaTelbHO, TpelNesl H3MepeHHs IpH-
Gopa mpu 3TOM DOJOXKEHHH MepeKkJiouaTess YyBeJIHUUBAETCS B
10 pas. Ecnu ycraHoBurh mepekmouaTedb B moJoxenue )X 100,
TO yepe3 COMpoTuBJeHHd R; R, u MuumammepMerp moixeT
TOJIBKO OflHA coTas uacTb obuiero Toka u 0,99 ero mofizer uepes
conporuienuss Ry u R, —mpenen u3MepeHHS YBeJHUHTCH B
100 pas. CooTBercTBeHHO NpH YCTaHOBKe NepeKjiodaTeJs B IO-
noxenue X 1000 npenen n3mepennss yseauuutcss B 1000 pas.

B cnysae muiannaMnepMerpa c NpeaesoM H3MepeHus ao 1ma
C IOMOILBLIO TaKOTO YHHBEPCAJbHOIO UIYHTa Npelesbl H3MepeHHs
pacumpsioncss Ko 10, 100 e u 1 @ — B 3aBUCHMOCTH OT MOJIO-
KEeHHsl TepeKJIouaTelss; NpeleJsl U3MepeHUs MHJJIHaMIepMeTpa
Ha 5 ma pacumparca cooTserctBeHHO xo 50, 500 xa u 5 a. Ilo
TOMY K€ MPUHLHNY MOXKeT GbTb CHeJaH IIYHT C APYTHMH BeJH-
YHHaMH COHOpOTABJEHUH u C APYTUMH H3MEHEHHAMH NDPEeIesoB
H3MepeHUs.

Pacuer yunusepcasvrozo wiynta. MexXAy BeJMUHHAMH OTIENb-
HBIX CONDOTHUBJIEHHH YHHBEDCAJBHOrO IIYHTa JOJIKHA CYIIECTBO-
BaTh CJeAylolllasi 3aBHCHMOCTb: NpH JIOGOM TNOJOXEHUH Tepe-
KJIIOYaTeIss CyMMa CONPOTHBJIEHUH, BKJIOYEHHBIX ‘[IOCJIE€AOBATENb-
Ho ¢ mpu6opoM, moJxkHa OHITb nMo Kpafnefi Mepe B 10—20 pas
Gosbllle COMpOTUBIEeHHS mnpuGopa Ro » B n—I1 pa3 Goablie
CyMMbl CONDOTHUBJIEHHH, BKJIOUEHHBIX MeXAY TOYKaMd -+ H —,
rae n— TpebyeMoe yBenuyeHWe INpeAeNa H3MEPEHHS MUAIUAM-
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nepMeTpOM IPH INlepeBOJe NepekJouaresas B Clefyiolliee MOJO-
KeHHe. Brlpaxkass 3Ty 3aBHCHMOCTb MaTeMaTHYeCKH, IOJNydaeM:

R,=(Ri+ Ry+Rs) - (ny—1),
Ry+ Ry=(R{+R,)) - (nys—1),
Ry+ Ry+ R,=R, (n5,—1),
Ri+ Ryt Ry+R, > Ry,

TIe 1,,— yBeJIMUYEHHE Openesa H3MEepeHHsS INpH NepeBOAE Iepe-
KJI04aTe/ g H3 IIepBOro IMOJOXEHHs (COOTBETCTBYIO-
LIer0 HaHMEHbIIEMY Ope/e]y H3MEpeHHs) BO BTOPOE;
Ny3— TO XK€ —IIPH IepeBOjJie H3 BTOPOrO B TPEThe;
N3y —TO Xe—H3 TPeTbero B yeTBepToe (COOTBETCTBYIOILEE
HaH6O/bIIEMY IIpelesy H3MEpPEHHs).

Koncrpyxkruenoe soinornenue wynros. IIyHTel ciefiyer BbI-
NOJHATb M3 MaHraHHHOBOH, KOHCTAHTAHOBOH MJH HHKEJIHHOBOH
NPOBOJIOKH, JIuaMeTp MpPOBOJIOKH B Ka)KMOH CEKUHH ILyHTA Clle-
Iyer BbIOMpaTb M3 pacueTa MaKCHMaJbEOH CHJBI TOKa, KOTOpas
OyaeT mpoxomuTh yepes Hee. HeGosblnas monycTuMasi MJIOTHOCTb
TOKa B I[IPOBOJIOYHBIX LIYHTaX, TakK e KaK U B JOGABOYHBIX CO-
NPOTUBAEHUSX, HOJMXKHa OblTh 11,5 a/mm2?, B taba. 5 u 6 npu-
BEJeHbl DHaMeTphl IIPOBOJOB JJIsl CeKUUH YHUBEpCaJbHONO IYHTA
K MWIJHaMmepMeTpaM Ha | M 5 M@, IpH KOTOPHIX IJIOTHOCTD
TOKa He NpPEeBBICUT yKa3aHHOH BenuuuHb. B cienyomux crpokax
Ta6Jul, yKa3aHbl HeOOXONHMMble MJIHHBI NPOBOLOB M3 pas3HYHBEIX
MATEpHAJIOB, NPH KOTODLIX MOJYYAIOTCs 3alaHHBIE BEJHYUHBI CO-
nporuBjaeHuil. BenencTBue Toro, uTo XMMHYECKHH COCTaB IIPOBO-
IOB B DAasjJHYHBIX NAapTHAX He BIOOJHE ONHOPOXLEH, YKasaHHBIE
IJUHBL HYXKHO DacCMaTpHUBAaTh KaK CpelHHe, a NeHCTBHTeJbHO
norpebHble AJIs NOJNTYYeHUs STHX CONDOTHBJIEHHH HNJIHHBI MPOBO-
JIOB MOTYT HECKOJIBKO OTJIHMYaThCs OT YKa3aHHBIX B TaGu. 6u 7.

Ilpy npHMeHEHHH H30JHPOBAHHOA NDPOBOJOKH LIYHT MOXHO
HaMOTaTb Ha KapKace H3 H3OJALUOHHONO MaTepuaja JIOGHM
yInoOHbEIM crtocoboM. HeusonnpoBaHHYI0 NIPOBOJIOKY CJefyeT Ha-
MaTBIBaThb Ha IJIACTHHKY, TPYOKY il CTEDPXKEHb H3 HIOJSILH-
OHHOTO MaTepHaja C HHTePBaJaMH MexXAy BHTKaMH. B xauectBe
KapKacoB JJIs NpoBOsouyHblx cexuuii wynToB B 90 u 900 ox
MOXKHO HCIIONIb30BaTh comporusiaens Kamunckoro, CC  mun
naxe TO, nmpunauBasi KOHIB! WIYHTOB K BHIBOJAM 3THX COIDO-
tusienuii. IIlpu 3TOM He cienyer 3abblBaTh, YTO COTPOTHBJEHHE,
HCIIOJIb3yeMOe B KAaueCTBe KapKaca, OKa3biBaeTCsi BKJIIOUEHHHIM
napajsiebHO HaMaTHIBa€MOMY LIYHTY; YTOObl  COMpOTHBJIECHHE
Kapkaca MPaKTUYECKH He BJMANO Ha CONDOTHBJIGHHE LIYHTa, B
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Que. 11. CxeMa aBOMeTpa Ha HECKOJbLKO NpeleloB HSMEPEHHs.

KayecTBeé KapKacOB JKeJaTeJbHO MPHMEHSATb COMNDOTHBJIEHUS MO-
panka meromoB. Bo BcsiKoM cilyyae, KapKac HOJIKEH HMeTb CO-
nporusienue B 30 -+ 50 pas Gousbliie COMPOTUBJIEHHS HaMaThiBae-
MO#i Ha Hero MpPOBOJIOKH.

Ipaxruueckue cxemor asomerpos. Ha ¢ur. 11 nana omHa us
BO3MOXKHBIX CXEM aBOMeTpa, MD3BOJIAIOIIErO H3MepATb NMepeMeH-
HBl® ¥ MOCTOSHHbIE HANpSiXKEeHUs, MOCTOSIHHblE TOKH M COIPOTHUB-
nexns. IlepewsmioueHue BHIOB H IpelesioB H3MEPEHHA OCYILECT-
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BJfleTCs B 3TO cXeMe C [OMOMLIbIO MepekjwoyaTens Ha 11 wa-
npaBJjeHuH, COCTOAIero U3 ABYX Fpynn KOHTaKToB [y u [Is.

Ilpn ucnosnsosanrnu npubopa B KauecTBe OMMETpa MepekJro-
yaTeJb YCTaHaBJHBaeTcd B [OJOXKeHHe oM. B 3ToM cayuae
HOCJIeIOBaTeIbHO C MuJutuamnepmerpoM M BrjOuaercs Garta-
pea b u comporuBieHne R, a napalelbHO MHJJIHaMIep-
METpPy — IepeMeHHOe CONpOTHBIeHHe Rjs, CJayXKallee IJs yCTa-
HOBKH HyJas oMmMmerpa. Cxema nepexjouaTenss MoxKeT GhHITh NpH
XejaHuu ynpoileHa. Jas 3Toro BMeCTO napajieNlbHOTO COINpo-
THBJIEHHS R)2 HYXKHO NDUMEHHTb NOKa3aHHOE Ha CXeMe IyHKTH-
pOM nocJiefoBaTe/bHOe CONnpoTHBAeHHe Rj3. Torma rpynma KoH-
tTakroB [I; mepekJiouyares He OyldeT EyXHa.

MaMepenHe MNOCTOAHHBIX HampsXKeHHH MNPOM3BOJAUTCS IpH
yCTaHOBKe IepeKJIovYaTe/d B OJHO H3 IOJCXKeHHH ¢ 0003Haue-
HuaMH 10, 100 mam 500 6, cOOTBETCTBYIOMEX pa3JHYHHM mpe-
JejaM H3MepeHHs Banpsxenud. IlpH 3Tux moJioxkeHHSX nepe-
KJIOuaTess BK/IIOYAlOTCA J00aBOYHHE CONPOTHBJEHHA K, R,
wid R;, Be/IHUYHHH KOTOpHX ompejeasiorcs ¢opmynaoit (4). Ha
cXeMe YKa3aHbl HEOOGXOJHMBIE BEJHYHHE 3THX CONPOTHBJEHHH
(a Taxxe compoTHBJeHHH oMMeTpa R, U R,;) IpH HCOOJb30Ba-
HHH B aBOMeTpe mpubopa ¢ npene/noM u3MepeHes 1 wa; B ck006-
KaX YKa3aHBl BeJHYHHB COIDOTHBJIEHHH XJ/a mprbopa Ha 5 ma.

Conporuaesns KynpukcoB K; B K;, a Takxe YHHBepCaJjb-
HOro ImyHTa (COCTOALIErO H3 CONMPOTHBJAEHHH K,, Ky, R, R;),
INPHCOEJHHEHHBX Napa/iebHO MHJ/IHAMOEpMeTPy, 3HAUHTEJIbHO
60/IbII€ CONPOTHBJAEHHSA caMOro MHJauamnepmerpa M. IlosTomy
NPH H3MEPEHMH MCCTOSHHBIX HaNpsAXKEHHH H CONPOTHBJEHHH
IPAaKTHYECKH MOXHO C HX IPHCYTCTBHEM B CXE€Me HE CYHTAThCH.
ConpotuBienue R;, IpH BKJIOYEHMH aBOMeTpPa Ha H3MepeHHe
HaNpsKEHHH H3 CXEMBI BHIKJ/IOYAETCA H, TAKUM 00pa3oM, He MOXKET
BHECTH IOrPELIHOCTH B H3MepPeHHS.

H3mepenne cuiibl MOCTOSIHEOTO TOKa MOPOM3BOJAUTCH HpPH YCTa-
HOBK® NepekJioyaTess B OJHO M3 moJjcxKeHd# | ma (5 ma), 10 ma
(50 ma), 100 ma (500 xa) u 1 a (5 a), B 3aBucuMOCTH OT
CHJIBl TOKa, MNOJJexallero H3MepeHnuio. M3Mmenenue npenenoB
H3MepeHHs] TOKOB OCYIIeCTBJAAETCS MepekJlOYeHHeM  YHHBEp-
cajbpHOro myHTa (cM. c1p. 26). Ilpemensl H3MepeHHs CHJbI TOKA,
yKasaHHBHle Ha MepekJioyartese 6e3 CKOOOK, COOTBETCTBYIOT CJy-
yal0 NpUMEHEeHHs MUJJadaMmnepMerpa Ha | M@, a yKasaHHbie B
cKkoOKax — CJAy4alo NpUMeHeHHs MHJJIvaMIepMeTpa Ha 3 Md.

Ilpw ycraHOBKe mepekJioyaTesss Ha H3MepeHye MNEpPEMEHHBIX
HaNpsIKEHUH BKJIOYAeTC® OAHO H3 J0GaBOUHBIX CONPOTHBJEHHH
Kg, Rg uau Rjo, B 3aBHCHMOCTH OT HEOOXOLHMOIO mpeaena H3-
MepeHusl; BRIMPSAMJIEHHE TOKa [POU3BOLHUTCS KYNPOKCaMH, KaK U B
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@ue, 12, Bapnant cxeMH aBOMeTpPa Ha HEeCKOJbKO NpefeNoB H3MepeHHs.

cxeme ¢ur. 6,6. Beanunnsl R0GaBOUHBIX CONPOTHBJIEHHA Rg,
Ry # Ry nomxHbl GbITh NOTOGPaHLL AJS1 KaXIOTO 3K3eMIJAPA
aBoMeTpa, HCXOdd H3 BBIODAaHHBIX NpeleoB H3MepeHHs mepe-
MeHHBIX Hanpsxenuil. Kax Mbl ye roBOpu/iM Bbllle, OHH 3aBH-
CAT OT CBOHCTB NPUMEHSEMBIX KYNPOKCOB M MUJJIHaMIepMerpa.

Ha ¢ur. 12 gan apyro#t sapuanT cxeMel aBoMerpa. 3jech 1
H3MEPeHHs] MOCTOAHHBLIX H TepeMeHHBIX HANpSXKEHUH HCIOJIb3Y-
I0TC ONIHH H Te XKe noGaBoyHble conporuBienud. Kpome Toro,
N06aBOYHbIE CONDPOTHUBJIEHHS, NPHMeHseMble AJS H3MEepeHHs IO
IIKaJaM HanpsKeHHH ¢ MeHbIIMMH MpedesJaMH, HCIOJB3YIOTCH
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KaK 4acTH no0aBOYHBIX COTUPOTHBJIEHUH NJis u3MepeHus GosbluinX
Hanpsokenu#l. [Ipu usMepednu DOCTOSIHHBIX HaNpSKeHHH Kym-
POKCHBI 3jeMeHT K uepes KOHTaKThl Nepekjouarens I1; 3aMbl-
Kaercs HaKOPOTKO, a KympoKcHbiil aneMenT K. ocraercss Bk
YeHHBIM NapajlesibHO MuJinaMmnepmerpy. Takum oGpasoM B
cxeMe ¢ur. 12, ¢ oAHOH CTCPOHBI, MEHbIIE JleTasel, ueM B CxeMe
¢ur. 11, a ¢ Apyro# CTOpPOHB, cXeMa INepeKJIOYeHUS CJOXHee.
B ocranbhoM cxembl ¢ur. 11 u 12 npakTuuecKd paBHOIIEHHBI.
Conporusaenusa R;, R; u Rs BICHpalTCs B COOTBETCTBHH C He-
06XONMMBIMU NpelejaMid H3MEePeHHs IOCTOSHHBIX HanpsaKeHUui.
BejuuuHbl COMPOTHBIEH#H, yKaszaHHble Ge3 CcKoGOK, COOTBer-
CTBYIOT MuJLIMaMrepmerpy Ha | md, M BeJMYMHB B CKOGKax —
MUJIMaMIepMeTpy Ha 5 ma.
[Tpemeanl usMepeHuss mnepe-
MEHHBIX  HamnpsKeHUH 1npH
pasHBIX MOJOXEHHIX TIepe-
KJouyaTeass 6yNyT 3aBHCETh OT
CBOWCTB MNPUMEHSEMBIX Kyn-
POKCOB.

Llenu usMepeHus TOKOB B
3TOH cXeMe HHUYEM He OTJIH-
YaloTCH OT aHaJIOTUYHBIX Ire-
neft B cxeme ¢ur. 11. Tak Kax
M3MepeHle NepeMeHHOr0 TOKa
B PaAMOJIOGUTEIBCKON IpaK-
THKE MOXET MOHAZOOHMTBCA gy, 73 ILKajbi DOCTOSHHBIX Hamlpsie
JIUIIb B HEKOTODBIX CJy4asX, iedu#t, TOKOB M CONPOTHBJIEHHH AJjf
- TO IJjad yrlpomeH'Hﬂ CXeMBbl aBoMeTpa C Ml{muamnepmemom Ha
S5TOT BUJA H3MepeHUH B aBo- 05 xa.

MeTpe He NpenyCMaTpUBaeTCs.

llkanror asomerpos. Ha ¢ur. 13 mokasana lkajna aBOMeTpa,
B KOTODOM HCIHOJb3yeTcss MuJInammnepmerp Ha 5 xa. Orcuer 1o-
CTOSHHBIX Hanps:KeHUH L TOKOB IIPOKW3BOAMTCS MO  JHeJeHHIM
BepxHeH WKajbl. Korna nepekiiouatesb aBOMeTpa yCTAaHOBJIEH B
nonoxenue 10 8, HYXHo NMOJB30BAaTBCS BEPXHUM psSIOM LMD,
a KOTYIa MepeK/IoYyaTesb YCTAHOBJIEH Ha HU3MepeHue TOKOB [0
5 ma unu 5 @, — HUXKHUM psitoM Lubp Bepxueid mrkagasl. Ilpu
YCTAHOBKE [MepeKjioyarenlss Ha H3MepeHHe HanpskeHu#l Jo
100 8 caenyer mosb30oBaThC BepXHUM psfoM UUdp BepxHel
HIKaJabl, YMHOXas Nokasandss Ha 10, a nmpu noJsoxeHUdX mepe-
kiouatens 50 xa, 500 ua u 500 8 HYXKHO IIOJIB30BATHCS €€ HIX-
HUM psmoM uudp, yMHOXKAs TNOKa3aHus COOTBETCTBeHHO Ha 10
wig wa 100. Jlns u3MepeHNss CONDOTHBJIEHHH HYXHO C IO-
MOILBIO MEPEMEHHOTO COMPOTHBJEHUA (NPH 3aMKHYTBIX KJeMMaX
33
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ABOMETpa) YCTAHOBHTb CTPEJKY Ha «HYJb» HHXKHEH [IKaJbl H NpH
NONKJIIOUEHHH H3MepseMOro CONPOTHUBJEHHS NPOH3BECTH OTCYET
ero BeJHYMHBI N0 AejenuaM HuxHedl wkansl. [lxanan nepemen-
HHIX HanpsKeHWd He NOoKa3aHbl, TaK KakK WX BHI 3aBHCUT OT
CBOACTB NpHUMeHAEMBIX KYNpPOKCOB.

Illkana asomerpa ¢ MHWIMaMmicpMeTrpoM Ha | xa@ umeer Ta-
KO e BHJ, ¥ NOJb30BaHHE el0 aHaJIOTHYHO Bhille H3JIOXKEHHOMY.

Konctpykyusa nepexatouaress. B aBomeTpax no cxemam
¢ur. 11 u 12 Moryr GHTb HCNOJb30BaHbI [IEPERJIOYATENH Aua-
na3oHOB OT npHeMHHUKCB. Jlas 3TOro nuathl nepekJiodaresei

Yoo rums -

Quz. 14. Ilepenenxa

nepekaoyaTeass nHana-

30HOB A HCIOJb30Ba-
Hus B aBOMeTpe.

HY>KHO NOABEPrHyTh HekoTOpofi nmepenenke (dbur. 14). INepekaio-
gaTellb pasbdpaeTcs W H3 KaXKAO# ero fJaThl YAAJSIIOTCA TPH
3aMBIKaIOIUX KOHTaKTa (ocraercs no oZHOMY owur. 14,a).

KoHraKTHble NyKKH Hago CnasTh MeXAy Co00fl ¢ NOMOLIBIO
HeOOJbIWIMX KYCOUKOB TOHKOH JaTyHH RJIBm xectd (dur. 14,a).
Onun u3 orpaHnuHTesefl BpalleHUsl cnuauBaerca. TakuMm ofpa-
30M - ofecrneqyBaeTcsl YyCTaHOBKa NepekJouarens B 11 nosoxe-
gufi. [Tocae yka3aHRbIX nepelesiOK NepeKkJioyaTesib BHOBb COGU-
paercd H3 ABYX nJjar.

Asomerp 6e3 nepexarouurean. IlepeksouaTelb ABJAAETCH OT-
HOCHTEJIbHO Joporoif dacteio aBoMmerpa. Ilostomy Ha dur. 15
npuBe/eHa cxeMa asBoMeTpa Ge3 nepekJgiouatend. 3Jechb MpHMe-
HAeTCs LUTeNCeJbHOEe NepeKk/JioueHHe Ha OKTaJibHOH  J1aMmoBofi
nanenu. B cpeaneM orBepcTHH’naHesu, CayxamleM AJA KJO4Ya
SJIEKTPOHHOMN JlaMNbl, MOHTHPYeTCs OGBIKHOBEHHOE LITENCEeJbHOE
reesnto. CxeMa cOGOMHeHMH MHJNIRAMIEpMeTpa, AOGABOYHBIX CO-
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NPOTHBJIEHHA ¥ YHUBEPCAJBHOTO IIYHTa C rHE3AaMu JaMIOBOR
naHeju sICHA M3 UTYpH: K TPEM THe3laM NOABEXEHBl N06aBoy-
Hble CONMpoTHBJIGHAA R, R, u R;, K uersipeM ruesgam — OTBO-
bl OT YyHHBepcajabHoro wysra (Rs, Rs, Rs, R7), a K omnomy
H3 rHesf — nemb oMMmcrpa. A ynopolleHHS KOMMYTanUd B
o )
200 200

e

"y
2000

Rp

@uyz. 15. Cxema aBoMeTpa

C HECKOJbKHMH MPeaelaMu

HsmepeHns Ge3 nepekilio-
yatend.

3TOfl CXeMe BO3MOXHO NpDHMEHeHHE TOJbKO CXeMbl OMMerpa ¢
NOCJIeIOBAaTEAbHbIM NepeMeHHbIM conporhBienueM. Ilpy xenanuy
HCTOJIb30BaTh TAaKOH aBOMeTD HJd H3MepeHHsl IepeMEeHHBIX Ha-
OpsKeHHH U TOKOB B CXeMy MOryT OBITh JH0GaBJ€HBl JBu
KYNDOKCHBIX 3JieMeHTa (mokasaHbl NyHKTHpoM). B cpemnee
FHe3Mo NaHeJdH ¢ MOMOIIbI0 HOPMAaJIbHOTO OXHOMNOJIOCHOIO IITer-
cesis THAMETPOM 4 MM BKJIOYACTCS TOJOXKUTEJbHBIH IMOJIOC H3-
mepsieMofl Henu. Bropoll mosioc usmepseMoll HenH BKJIIOYaeTCs
C NOMOIIBIO [ITSNCENbHOR HOMKH, CHEJaHHO! H3 MPOBOJOKH HHAa-
METPOM OKOJIO 2,4 MM, WIH C NOMOULbIO HCXKKH OT LOKOJS 3JIeK-
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TPOHHOH JlaMnbl B OJHO M3 THE3X JaMIOBOH I[aHeaH, PacloJo-
JKeHHBIX' Mo OKpYKHOCTH. KOHCTpyKTHBHOE oq)opMJIeHue TaKoro
aBoMerpa RaHo Ha (ur. 16,

T'padyuposka asomerpa. Tlocne HSNOTOBJNEHHs  aBOMeETpa
HY>KHO MNPOU3BECTH ero rpanyupoBky. Iljusi 3TOro HYXHBl 3Ta-
JIOHHble MWJIHaMIIepMeTp H BOJBLTMETp; B KpaiiHem cJaydae

Due. 16. KonctpyxTus-

Hoe odopMiIeHHe aBO-

MeTpa 6e3 nepekJoya-
TeJs.

MOXXHO BOCIOJNb30BaTbesl AJIA TPanyHpoBKW npuGopamu, obaa-
JaoniMd MEHbUIHM KJIAaCCOM TOUHOCTH n3MmepeHuil. I'panyu-
POBKY peKOMeHAYeTcs HauuHaTh CO LIKa/m usMepeHua toka. [lpu
rpaiyupoBKe npuGopa ClefyeT BHIMOJHAThL CHAEAYIOUIHE YCIOBHUS:
l. I'panyuposarr npH6Gop B TOM MOJOXKEHUH (FOPH3OHTAJILHOM
HJIH BEePTUKAJbHOM), B KOTOPOM OH HOJKeH GYyAeT paboTaTb, Tak
KaK U3MeHeHHe NoJoXKeHHUs NpnGopa HEeCKONbKO H3MEHSeT €ro
rpagyupoBky. 2. Ilpm Hanuuum y rpamyupyemoro npu6opa me-
36



TaJNHYECKOro KOKyXa HJM 3KpaHa rpalynpoBKy U HaHeceHHe
JeJleHHH Ha lIKajdy NPOU3BOANTL 00643aTeJibHO IMPH NOJHOCTBIO
coGpaHHOM npuHOOpe, Tak KaK CHATHE KOXyXa HJIH SKpaHa TaKXe
H3MEHSIeT ero rpaiyHpoBky. EcClnW HYXHO HAHOCUTb Ha IIKady
HOBble JEJIeHHA, TO AJS 3TOH ollepalldd NpHAETcss CHATb TOJbKO
CTeKJI0 CO WIKaJjgbl, HI B KOeM <¢Jjiyyae He OCYILeCTBAdAs TpaiyH-
pom;y NpH CHATOM KOXYVXe:

padyuposxka asomerpa Kax musauamnepmerpa. Ins sTore
HyXHO cobpath cxemy no ¢ur. 17,a. 3pece umeeM cjaelyroliue

+
Y

X
HANPANCEHUA
+

dm ucmoynurna
wanpaxcerus A+
+
+
Im ucmoynuna
IU+

Abovemp’ Abomemp

9 9)

Puc, 17. CxeMbl rpaayHpoBKHW aBOMETpa.

o6o3HaueHHsi: R — nepeMeHHoe comportuBieHde H b — Garapes.
Ilocnenusia MOXKeT ObiTh COCTaBJEHA H3 AKKYMYJSTOPHBIX HJIH
cyxux aneMmeHroB. OHa IO/KHA MMETh OTHAuy MO TOKY He MeHee
MaKCHMaJbHOTO NpedcJa MU3MepeHuss aBoMeTpa No LiKaje aMiep.
BMecto Gatapen BOSMOXKHO HCIOJNB30BaHHE BBIIPSIMHTENs, o6ec-
neyuBalollero OTHAYYy ToKa COOTBeTcTByollell cuanl. HeoGxomu-
Mble HanpsikeHne GaTaped W BeJHYMHa CONPOTHBJEHHS R Haxo-
JATCS B 3aBHCHMOCTH ApYyr oT aApyra. OHM IOJKHB oGecneud-
BaTb H3MeHeHHWe CWJIbl TOoKa B lenu npumepro or 10% MuHu-
MaJbHOTO Npelesa H3MEpeHHs CHJbl TOKa aBOMeTpoM (BKJoue-
HHe LIyHTa B noJioxkenue X 1) g0 MakcUMaJjbHO# CHJIBI TOKa, Ha
K3MepeHHe KOTOpOrO paccuuTaH NpuGop (BKIIOYEeHHE WIYHTa B
novioxkenue X1 000). Isiq BeINONHEHHS 3TONC TPeGOBaHHsS MOMKET
BCTPETHTBCS HEOOXONHMOCTb B TNpOLECCe H3MepeHMs H3MEeHATh
YHCJIO 3JIeMeHTOB GarTaped MM NOAKJIIOUATb  JOHNOJHHTEJIbHBIE
CONIpOTHBJIEHUS, KaK NOKa3aHO NMYHKTUpoOM Ha ¢ur. 17,a. Ilepe-
MEHHOE COMPOTHBJIEHHe R M HOMOJHKTEJbHBIE CONPOTHBJICHHS HE
JOJIXKHBl CHJIBHO HAarpeBaTbCsl LpH NPOXOXKAEHMH 4e€pe3 HHUX TOoKa.
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Ecnn npu6op uCnpaseH u - pMeeT 3aBOACKYIO WIKANY, ero
rpaAyupoBKa NO WKaje MHJJIHAMIep, COOTEeTCTBYIOIeH Haw-
MeHplileMy npemeny usMepenus (mo 1 wam 5 ma— dur. 11, 12
u 15), o6biuno He Tpebyerca. B 37oM MOXHO yGemuThes, H3Me-
HSSl BEJHYMHY CONPOTHBJICHHS, BKJIIOYEHHOTO MOCHEROBATENbHO C
Gatapeeit u npuGopoM. ITokazawus cTpejkd asomeTpa MOVIKHEI

o I (1)

Mazsumnord wynm

a) 4

@uz. 18. Perynuposka npenesoB W3MepeHHs NPUGOpPa C HOMOLIBIO
MarduTHOrO WIyHTa.

COBMafaTh B JIIOGOH MOMEHT ¢ MOKA3aHHSMH 3TAJIOHHONO MUJIIH-
amnepmerpa. OnHako, TaKOro COBNANEHMS MOXKET He NMOVIYUHThCH,
€CJIM, Hampumep, Npa6Op MONBEPrajicd PEeMOHTY HJIH OH CTaphifl
H B HeM YaCTHUHOU pa3MarHUTHJACY MarHHT HJIM ocjaGeJd CIH-
pajibHEle MPYKUHKH. _

Pezyauposka mazuurnozo wynra. Ecmy  Munnuammepmerp
HMeeT MAarHHTHBIl INYHT, TO € €ro NOMOUIbI0O HHOTJAAa MOKHO
BOCCTAaHOBHTb COOTBETCTBYIOUIMe IlIKaje NpuGoOpa nperesbl H3-
mepenus. lna BbmOSHEHHs STOH onepaunWw HEOGXOXHMO CHSAThb
KOXKyX npu6opa. Koria MarHUTHBIA LIYHT HaXOAHTCS B MOJIOXKe-
HHH, MOoKasaHHOM Ha ¢ur. 18,8, cTpenxa muanuaMnepmerpa Oy-
€T OTKJIOHATBCSA N0 KOHUG IUKajbl NpH MeHbLIEM TOKe, 4eM NpH
NOJIOXKeHUY MAarduTHOTO IUYHTA, MokasaHHoM Ha ¢dur. 18,6. Ilpw
[NPOMEXYTOUHBIX NONOXKEHHSIX MarHUTHOTO illyHTa Ipenes H3Me-
penust npuGopa Oylier GoJblie, YeM TPH MOJOKEHHH IIYHTa, MO-
KasanHOM Ha ¢ur. 18,4, HoO MeHblIe, yeM MpH MOJOXKEHHH, IOKa-
saHHoM Ha ¢ur. 18,6. Ilocsie Kaxaoro M3MeHEHHS I10JIOKEHHS
UIyHTa HYXXHO CTaBHTb MeTaJUTuyeCKHHl KOXKYX IMpuGOpa Ha MeCTo
¥ (QHKCHPOBaTh NVKa3aHHS €ro CTPeJKy TOJNBKO NPH 3THX YCJIO-
BHAX. IIpakTHuecky HeOGXOZWMBIN Ipenesl H3MEPEHUS MOKET
ObiTh NOJMYYeH MOCJAE HeCKOJbKHX pPeryJupoBOK IOJIOKEHHA
mwynra. Korna msMeHeHHeM [OJIOXKeHHs UIYHTa NOCTHTHYT Heol-
XONMMBIA IIpefleJ; M3MEpeHHs rpagyupyemoro mpubopa, caenyer
NPOBEpPHThL COOTBETCTBHE €ro MOKa3aHUH Ha APYTHX JeJeHHsX
IIKajibl, H3MEHAS ¢ NOMOILIBI0 MEePEeMeHHONO CONPOTHBJIECHHA CHIY
TOKa depe3 HpHOOD.
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Ecin y muaanaMnepmerpa Het MarHHTHOTO WiyHTa HJH npeé-
fiejinl  H3MepeHHs NpHMeHsieMOro npuGopa 3apaHee TOYHO He
H3BeCTHbl, HEOGXONHMO HAHeCTH Ha ILIKAJy aBoMeTpa HOBbIE
JeJleHnst, HaKJIeUB NpeNBapHTeJbHO Ha Hee YHUCTYl0 Oymary no
tpopMe mxanbl. A 3TOro H3MEHSIOT C NOMOILBIO N€PEeMEHHOTO
CONpOTHBJIEHHS CHJIy MPOXOAAilero yepes npubGoOpel TOKa H Ha-
HOCAT Ha UIKaJe aBOMETpPa OTMETKH, COOTBETCTBYIOLLHe IOKa-
3aHUSIM 3TaJIOHHOTO npuGopa. Yem GoJbllle GyneT HaHECEHO Ha
WIKaJy TaKUX GTMETOK, TeM TouHez OyneT rpaayHpoBKa aBO-
MeTpa.

ITo0eonka wynra. Ecnv conpOTHBJEHHS, COCTABJASOIIKE YHH-
BepCaJibHLIA WYHT, BEIOpaHel NMPaBHJIBHO, TO MO MIKAaJaM, COOT-
BeTCTBYIOIUIMM OGOJBIIHM MNpelesaM H3MepeHus CHJIbl TOKa, rpa-
IyUpoBKa mpH6opa He norpeGyercsa. B aToM MoXHO y6GeauTtbcs,
YCTaHOBHB NepeK/oyaTesb aBOMeTpa Ha Ipyrue npelesbl #3Me-
peHHsl CHIBl TOKAa U CBEpsAs ero NoKasaHus C MOKasaHUsAMH 3Ta-
JoHHOrO mpuGopa. OTcueT Mo IIKaJjaM aBOMeTpa NpH TOM CJe-
ayer ymHOXaTb coorBerctsenHo Ha 10, 100 uau 1000 — B 3aBu-
CHMOCTH OT NONOXKeHHs nepekaiouatens. Ecau Xke- rounoro co-
BlaJieHHs He MOJIyyaeTcs, cjefyeT AOGUTbCH ero, H3MeHss B He-
GoVIbIIMX Mpenesax BXOAsAIlHe B IIYHT conporusienus. [Tom6op
WIyHTa CJAeAyeT HAYHHAThb C yMEHbLIEHHsS HauGOJbIIEr0 BXONs-
ero B Hero conporusieHust (R; na ¢ur. 11, 12 u 15), npu no-
JIOXXeHUH MepeKJioyaTess, COOTBETCTBYIOIEM YBeJHUYEHHIO INpe-
nena uaMepenus B 10 pas. Takoe ymeHbllleHHe MOXeT nmotpe6o-
BaTbCs, B YaCTHOCTH, TOTAa, KOTAa €aM MuJinamnepmerp (ero
[IOJBUXKHAs paMKa) MMeeT CPaBHUTEJbHO GOJbIIOe CONPOTHBIIE-
HHUe.

B mpoitecce npoBepkH H rpaayHpOBKH aBOMeTpa Mo LIKajaM
TOKOB BCTpeYaeTcsi HeOOXONHMOCTb IEpEKJI04aTh Npenesibl H3Me-
PEeHHs- 9TaJIOHHOr0 MHJUIHAMIepMeTpa, CTapasch IO BO3MOXKHOCTH
n0JIb30BAThCA €O’ IOKAa3aHHAMH B CepellnHe W BO BTOPOH NOJIO-
BHHE LIKaJbl, TaK KaK NPH 5TOM NOJIydaeTcs HauGosbilas TOY-
HoCcTh orcueroB. [To mMepe HeoGXOAHMOCTH B fpolecce rpagy-
POBKH MEHSIIOTCS BeJHYHHH NEPEMEHHOTO CONPOTHBJIEHHS  HJH
[IOIKJIOYAIOTCS JOMOTHUTEJbHbIE COIPOTHBJIEHHUS.

T'padyuposka uwwaar nocrosannolx Hanpsxcexnud. Ilns rpanyH-
POBKH BOJILTMETPa NO IIKaJaM NOCTOSHHBLIX HaNpPSKEHHA HYXKHO
co6paTb cxeMy no ¢ur. 17,6 uan xe no ¢ur. 17,8. 3nech Vv, —
3TaJIOHHBIA BOJILTMETP. B 060HX cilydasx B KaueCcTBe HCTOYHHKA
NHTaHMsl CXeM [pH TCpaAVHpPOBKe aBOMeTpPa B MNpexejax
MaJIbiX HanpsoKeHHH MOXeT ObITb HCNOJIB30BaHa Ta Xe Oarapes,
KOTOpasi NpHMeHsAJach IS TpafyHPOBKM aBOMeTpa MO LIKajaM
T0KOB. /1 rpagydpoBKH Ha GOJIbIIHe Hanps>KE€HHS MOMHO NpH-
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MeHATb aHOAHble {aTapew, COedlHEeHHbIe IPH HEOGXOAHMOCTH
[0CJAEN0BATENbHO, HJIH KEHOTPOHHBIH BHIMPSAMHTEb.

HicroyHHkn HanpsKeHWs W NOTEHIHOMETDP [JJas1 CXEeMbl
¢ur. 17,6 momKHBl 6BLITL BbIGPAHBI, HCXOAA H3 CAGAYIOMIMX COOG-
paxenuit: 1. JKenatenbHo, 4To6bl NOJEOe CONDOTHBJICHHE MOTEH -
uuoMerpa R Gouwto mo Kpafineil Mepe B 2 pa3a MeHblile OO6IIENO
CONPOTUBJIGHNUS NapaJlesbHO COSAHHEHHBIX 3ITaJOHHOTO BOJILT-
MeTpa W IpaayMpyeMOro aBOMeTpa NpPH BKJIOYEHUH Ha TPaiyH-
POBKY nauHO# wWKaJel!. 2. KOHCTpYKUHSI NOTEHIHOMETpPa AOJIXK-
Ha NONyCKaTb NpOXOXIEHHWe yepe3 Hero Toka B 1,5-i- 2 pasa
GosbllleH CUJBI, YeM CHJa TOKa, OnpelesseMas ero COlpOTHBIe-
HUeM ¥ HanpsxeHweMm GaTapeH.

K ucrouynuky DNHTaHWs © lIepEMEHHOMY COINPOTHUBJIEHHIO
cxeMmbl ¢ur. 17,8 npenbaBJdOTCH HHblIe TPeOGOBAHUA, a UMEHHO:

1. Ecnw HanpsikeHde HCTOUHMKA He MpEICTaBJaseTcs BO3-
MOJKHBIM H3MeHSITb, MaKCHMaJIEHas BeJHYHHa IMEePEMEeHHOTo COo-
npotusienuss R moxua Gbith npuMmepHo B 10—20 pa3 Goublue
O6lero CONPOTHBJEHHS NapajJIeNbHO COSIWHEHHBIX 3TaJIOHHOTO
H NpafyHpyeMoro BOJILTMETPOB NpPH HX BKJIOYEHHH HAa TpalyH-
POBKY IaHHOH IUKajnbl. B ciayyae e Hcnosb3oBaHHs Garapef,
JaIOIUX BO3MOXKHOCTb CHHMAaTbh € HUX pas3jiMyHble HalpsiKeHHS
OyTeM H3MEHEHHSl Yucja AeHCTBYIOIIHX 3JeMEeHTOB, MOXKHO IpH
rpaJyupoBKe aBOMeTpa MO MIKaJjaM HalnpsXKEeHHH NPOH3BOJIHUTH
rpy6yi0 pEryJHpoOBKY HaNpsIKeHUs MNepeKJIOYeHHEM 3JIeMEeHTOR,
2 TOYHYIO YCTAHOBKY HEOGXOIHMMOro HanpsXKeHHs — C MOMOLILbIO
LepEeMEHHONO COINPOTHBJICHHS, He IPeBHIIAIOIIEre N0 BeJUYHHe
n06aBOYHOE CONPOTHBJIEHHE aBOMETpa.

2. McTOYHHK IOJIXKEH naBaTh HaNpsKeHHe, HECKOJBKO IPeBbl-
[ampoliee Mpejies H3MEPEeHHs asoMerpa, H TOK, NoTpebaseMbli
060oHMH npuGOpaMH NPH OOJHOM OTKJIOHEHHH HX CTPEJIQK; CO-
npoTuBieHHe R NOMKHO GbiTh PacCYHTaHO Ha 3TOT TOK.

Kak norennuoMerp B cayuae ¢ur. 17,6, Tak u nepeMmeHHoe
CONpOTHBJEHHE B caydae Qur. 17,86 ITOMKHB 06eCneyuBaTh NJIaE-
HYI0O PEeryJHpOBKY HamnpsiKeHHd, [OLaBaeMOTO Ha BOJILTMETD M
aBoOMeTp.

1 B kpaiiHeM cJayyae MOKHO He HpHAEPXHBaThci 3Toro mpasuaa. Ho
yeM Goablie GyneT CONPOTHBJIEHHE MOTEHLHOMETPA, TeM MeHee paBHOMEpHoMH
6yneT H3MEHEHHE HaNpsKeHusl NPH NepelBHKEHHH MOJ3YHKAa IO ero HJHHE.
dTo cosgact SATPYAHEHHS B TOYHOH YCTaHOBKE HYMXHOI'O HANPSIKEHHs Ha H3-
MEpHTEJIbHBIX NPHGOPAX NPH KpaifiHeM MOJOMEHHH IBHXKKA. Mcxoast u3 STHX
Coo6paeHuH, COMpPoTHBICHHE NOTEHIMOMETPa KOMKHO GHITh BO3MOMHO MEHb-
UM, HO C 3TOH CTOPOHBI MBI OrPaHMYEHBl BOSMOMHOCTbIO HAarpysKH HCTOY-
HUKAa HampsxeHHf, W60 NIPH paGoTe ¢ GaTapesMH HemeJaTeJeH HX OBICTDHIH
paspsx.
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B cayyae mepeMeHHOro CONpPOTHBJEHHS HENOCTAaTOYHOH Be-
JIHYMHBl MOXXHO NOCJH€JOBATEJIbHO C HHUM BKJIOYATb pasjiHYHbIE
IOCTOSIHHBIE CONPOTHBJIEHHS, AOOGHBAsCh HEOOXOMHMMHIX H3MeHe-
HUH HampsiKeHUss Ha npubopax.

IIpoyecc epadyuposku no WKAAGM NOCTOAHHbLX HANPANCEHUL.
Crayajia ycTaHaBJMBAIOT NepeKJioYaTe]b Ha FPafyHpyeMoM aBo-
MeTpPe B NOJIOXKEHHE, COOTBETCTBYIOLEe H3MEPEHUIO HANpPSKEHHH
HanMeHbllefl BeanuuHbl. COOTBETCTBEHHO 3TOMY MIOJIKHO GORITh
BbIGpaHO HaNpsXKEeHHe HCTOYHHKA NHTAHHMS H BKJIOYEH 3TaJiOH-
HbIl BosbTMeTp. M3MeHsds nojaBaeMoe Ha NPHGOpHI HAmpsiKe-
HHE, JNOOMBAIOTCS NOKAa3aHHUs 3TaJOHHONO BOJBLTMETPA, PaBHOTO
3alaHHOMY MaKCHMaJIbHOMY MOKAa3aHHIO NPOBEpSeMOro aBoMerpa
NpA J@aHHOM NOJIOXKEHHH Ha HeM nepeknioyatens. Ecau meiicrBu-
TeJIbHbIA TNpefes HW3MEeDEeHHS CHJIbl TOKAa MPHMEHSeMbIM MHJLJIH-
aMIepMenpoM COOTBETCTBYeT MNPHHSTOMY INpH pacueTe H goGa-
BOYHO€ CONDOTHBJEeHHe BbIGPAaHO NPaBHJBLHO, CTpeJiKa aBOMeTpa
OTKJIOHHTCSl TOYHO JO [OCJeJHEro JejeHus Hikanbl. Ecan xke
CTpeJIKa He NOXOIHUT A0 MOCJHeJHero JeJIeHHs LIKaJjbl, KOrja 3Ta-
JIOHHBIA BOJILTMETD NOKa3hiBaeT 3aJlaHHOe HampsiKeHHe, TO HYXKHO
YMEHbUINTb 100aBCuYHOe comnporuBaeHue Ry (dur. 11, 12 u 15);
eCNH e CTpeJKa asoMeTpa JOXOLHT IO [OCHENHero mejeHHus
IIKaJbl, KOTJa 3TaJIOHHBbIH BOJBTMETD MOKa3biBaeT HaNpsikKeHHe
MeHbllle NpenesbHON BeJHYHHBbI, 3aJaHHOH AJas aBoMeTpa, moba-
BOYHOe CONPOTHBJIEHH® HYXHO YyBeanuuTb. Ilpy TakoM cmocoGe
NOJATMOHKH YIACTC HCNOJb30BaThb JJIs1 UH3MepEeHHS HallpsKeHUH
WKaJly, HAaHECEHHYIO IJs OTCueTa CHJbl Toka. [loaronka nposo-
JIOYHOTO CONPOTHBJIEHHS] NPOHU3BOJAUTCS YMeHbLIeHHWeM HJIH YBe-
JIMYeHHEeM JJIMHBI NPOBONIOKH CONpOTHBJAEHHA. Ecnu B aBoMerpe
IPHMEHSIIOTCS OCTeKJIOBaHHble HJIH HENpOBOJIOUHblE 106GaBOYHbIE
COTIPOTUBJIEHHS, TPYOYI0O MOANOHKY HX BEeJIHYMH MOXKHO MpOH3-
BeCTH BHayajse. Ecau wumeoluecss CONPOTHUBJEHHS He MNOAXO-
IAT, TO TOTAA MOXKHO B3SThb MeHbllee CONPOTHBJEHHE H BKIIO-
UHTb MOCJHEeNOBaTeIbHO € HHM JADYTPHe CONFOTHBJIEHHS HeGOMb-
o BeJHYHHBl. YIOGHO B TaKHX CJy4Yasix MOCHAENLOBATENBHO €
HENMPOBOJIOYHBIM CONPOTHUBJIEHUEM BKJIOUYHTbL NPOBOJIOYHOE CONpO-
THBJIEHHE H MOJOTHAaTb HEOOXOZMMYIO BeJHYHHY H006aBOYHOrO CO-
MPOTHBJIEHUS YIJIMHEHHEM WJHM YKODauyHBaHHEM ero IPOBOJIOKH.
[Toxronka 3akaHuHBaeTCs, KONAa CTPeJKa aBOMETpPa yCTaHOBHTCS
Ha NocaefHee [ejieHHe IUKaJbl [OPH MOKa3aHHH 3TaJOHHOTO
npubopa, COOTBETCTBYIOIEM 3afaHHOMY Npejesy H3MepeHus rpa-
JyHpyeMoro aBoMeTpa.

IpanyupoBky LIKaJbl [0 BCell ee JJHHE MOXKHO He NPOH3BO-
JHUTb, TaK KaK LIKaja AJs NOCTOSTHHOrO TOKa NPAaKTHYECKH paB-
HOMepHa W HeoGxoxuMble LH(PPLI MOTYT OBITb MOCTABJEHBI NPO-
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THB COOTBETCTBYOLIHX NeJeHHH WKajbnl 3aBOJACKONO H3rOTOBJE-
HHA. UToGbl BCe Xe GbITb BIOJIHE YBEPEHHHIM B COBHAJAEHHH
NOKa3aHUil Mo IIKaJe, HYXXHO, NMePEIBUTasl JBHXXOK NOTEHIHO-
MeTpa WJIW PeocTaTa, yCTAHAaBJMBATb CTPEJKY 3TAJOHHOTO MpH-
6opa nooYepeIHO Ha PasJUYHBI® JeJ€HHS H C1HYaTh NOKA3aHMHS
aBoMeTpa C NOKa3aHHAMH 3TaJIOHa.

Eciu no KakuM-aHS0 NpHYHHAM H3MEHATb BEJHUMHY H06a-
BOYHOTO CONDOTHBJICHHS He NpEACTaBIsAeTCS BO3MOXHBIM, Ha
[IKaJTy NPHOETCA HaHeCTH HOBYIO IpalyHpoBKy. B stom ciyuae
lKaja DOJKHA GbITb OTTPaAyHpPOBaHA 3aHOBO IO BCEl ee JJHHE.
Ins 3Toro, usaMeHss ilon0XKeHHe NBHXKKA NOTEHUKOMETpa HJIA
peocTara, YCTaHaBJWBAIOT CTPEJKY 3TaJOHHOrO npubopa mnooye-
PEeAHO Ha pasnHMyHbie NEJNEHHS M, MOJb3YsSCh €ro NOoKa3aHHWsSMH,
LJsl KaXKZOrO 3HAYEHHs] YCTAHOBJIEHHOTO HANDSMEHHS HAaHOCAT
Ha UIKajQy aBOMeTpa TOYKY, NOCTaBHE OKOJIO HEe COOTBETCTBYIO-
wee el 3sHaueHne Hampsikenus. Korma rpanynpoBka npu6opa 3a-
KOHYEHAa N0 OfHOH LUKaJe HanpsKeHWHA, nepeBOAST HepeKJIoya-
TeJlb aBOMeTpa B II0JIOXKEHHE, COOTBETCTBYIOIlee IPYroMy Impe-
HIeNy H3MEDEHHS HaNpsXKeHHs, H OCYIIeCTBJSIOT MOATOHKY JO-
6aBOYHOrO CONPOTUBJEHHS HJIH TPaLYHPOBKY LUKAJBl AJs ITONO
npenena. Ilo Mepe Heo6XOAUMOCTH B mpollecce TIpaXyHPOBKHU
nepeKJIo4yaloT mpejesbl H3MEpeHHs STAJOHHONO BOJBTMETpA, IO-
BBILIAIOT HaNpPSXKEHH® HCTOYHHKOB NHTAHHS WJH 3aMEHSIOT I0-
TeHUHOMeTp (WJIH NepeMCHHO® CONPOTHBJEHHE), PYKOBOACTBYSCh
H3JIOXKEHHBIMH BBIIIe 3aMedYaHUSMH.

[To noxronke BeJHYHHBI HOGABOYHBIX CONDOTUBJIEHHH aBoO-
Merpa no cxeMe ¢ur. 12 gas mkaast 0—100 g caenyer U3MEHATH
TOJILKO BEJIHYHHY CONpPOTHBJNeHHs Ry, a ans wkaael 0—500 8
TOJIbKO BeJHUYHHY R3, TaK Kak, NOOHBAsiCk B NEPBOM cCJjyyae He-
o6xonuMON0 Npejena H3MepedHH H3MeHeHHeM BEJIHYHHBI R;, a
BOBTOpOM cilydae Ry u R, HapylamoT y>Ke NpOH3BeNeHHYiO Ipa-
HNYHPOBKY IIKaJ Ha MeHbllde MpPeNesbl H3MepPeHHH HanpsKeHHI.

Ilpu nmonronke mpepnenoB H3MepeHHH Mo WIKajgaM HanpsiKeHHH
NnoJIoXKeHHe MAarHWTHONO WYHTA H3MECHATb HENONYCTHMO, TaK Kak
OT 3TON0 HapYIIHTCA TPafgyHpoBKa MO IIKajJaM TOKOB.

T'padyuposka ng nepemenuvle Hanpsscerus. Cxema rpaiyu-
POBKH aBOMETpA Ha NepeMeHHble HANPSXKEHHS TakKoBa e, KaK H
cXeMa rpaiyHpPOBKH Ha MOCTOSIHHBIE Hanpsikenus (¢dr. 17,6,
17,68). 3nech TOJbKO HOJXKHE ObITb NDUMEHEHBI BOJALTMETpP H
HCTOYHHK NepeMeHHOro Toka. as rpafynpoBki aBOMeTpa Ha He-
Gosbluue nepeMeHHble HanpsKeHHs INPHOGOPbI MOTYT NOIKJIO-
YATBCS Yyepe3 NOTEHUHOMETP HJIH NepeMEeHHOe COMPOTHBJEHHE K
06MOTKE HaKaja JiaMn npueMHuka. JIis rpaxyMpoBKH Ha 60Jb-
UMe HaNpsKEeHHA CXEeMBl MOXKHO BKJIOYaTb HENOCDPEACTBEHHO B
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ceTb nepeMeHHoro Toxka. Hakouen, ans rpaayupoBku asoMerpa
B npenenax, NpeBbUAMINX HaNpsiKeHUe CeTH, MOXKCT GhITb HC-
NoNb30BaHa B KayeCTBe HCTOYHMKA NHTAHUSA INOBLIIAOIIAA 0O8-
MOTKa CHJIOBOro TpaHcopmaTopa BhinpsMuTens. Ilpu  BbiGope
MNOTE€HLHOMETPA HJIH MEePEMEHHOro CONDOTHBJEHHS LN Trpaxyd-
POBKH aBsoMeTpa MO IKaJaM NepeMeHHbIX HaNpsKeHHH cjaenyeT
PYKOBONCTBOBATbCSI COOOpa*KeHHSIMH, YXKe BbICKA3aHHBIMH HaMH
Bbillle B OTHOUIEHHW TIPafyHPOBKM MO IIKaJaM IMOCTOSHHBEIX Ha-
npskenufl. Ecan npu H3MepeHHHw nepeMeHHBIX HanpsiKeHuil B
cxeMe aBoMeTpa paboTalOT Te e No0aBOYHble CONPOTUBJIEHHS,
9TO M NPH H3MEDPEHHM NOCTCAHHBIX HanpsikeHu#i (¢ur. 12), Ha
IIKaJqy HaHOCAT HAeNeHHS TaKiAM e cnocoG6oM, KaK Mul OMNH-
caJii Bbillle JJISl Cjiyyast TPafyHpOBKH aBOMeTpa Ha MOCTOSIHHbIS
Hanpsi)KeHHs: 6e3 MOATNOHKH J06aBOYHBIX COIPOTHBJAEHHH.

IMon6op MHAHBHAYAJNbHBIX MAOOABOYHBIX CONPOTHBJIEHHH Has
U3MepeHHs N0 lLIKajJaM [epeMeHHbIX HanpsKeHu# — pabora
OYeHb KpONOTJIHBas.

HyxHo npenBapHTeNbHO NOACYMTATL BEJHYHHY STHX COINpO-
THBJIeHHH nmo ¢opMmyne (4) H NOCTaBHTb B CXeMY CONpPOTHBJIEHHUS
Ha 5 <+ 20% MeHblIe pacyeTHOH BEJUUHHBL,

Janee npousBOAMTCS MOATOHKA HOGAaBOYHOTO COIPOTHBJIEHHUS
IO NOJNHOTO OTKJOHEHHs CTPEJNKH aBOMeTpa NpH 3alaHHOM Ha-
NpSOKEHHH IO O0Ka3aHHSM 3TaJIOHHOro npu6opa TOYHO TaK XKe,
KaK B Llensix H3MepeHHs NOCTOAHHBIX HaNpsKeHuH.

Korza nomroHka CONDOTHBJIEHHS OKOHUEHa, Ha IIKaldy Ha-
HOCATCA TrpalyHpOBOUHLIE TOYKM TAKHM XKe CNoco60M, Kak H B
cjlyyae rpaldydpOBKH aBoMeTpa IQ IIKajaM MOCTOSHHBIX Hamps-
>)KeHuft 6e3 NOArOHKHW coNnpoTHBJNeHu#A. PekoMenayercs B uensx
H3MepeHHsi NepeMeHHOT0 TOKa MHCNOJIb30BAaTh HENpPOROJIOYHbIE CO-
NPOTHBJIEHHS B KOMOHHAUWH C HEGOJNBUIHMHE [1POBOJIOYHBIMH CQIIPO-
THBJICHUSIMH, IJs1 TOUHOA NOAroHKH npefesa m3Mepenus. ITpume-
HATb B LlensfiX NepeMEeHHOrO HaNpsKEHHA NOGaBOUYHbLIE COIPOTHB-
JIeHHSl LleJMKOM H3 NPOBOJIOYHOH HAMOTKHM He PEKOMeHIYeTcs, Tak
KaK OHH JOpOTH, NPH OGLIYHOM cnocobe HaMOTKH OGJIafaloT 3Ha-
YHTeJNbHOR HHAYKTHBHOCTbIO, YeM YXYALIAIOT YacCTOTHYIO Xapax-
TEPUCTHKY npubopa, a Ge3uHAyKNHOHHAA (OuDUASADHAS) HAMOTKA
GONbIIKHX CONPOTHBJAEHHHA — paGoTa BeCbMa TPYROEMKas.

T'padyuposounvie epaguxu. Tlpy WCIOAL3OBAHHH B aBOMETpPE
npubopa Majoro pasmepa TPYAHO, a 3ayYacCTyi0o H HEBO3MOXHO,
HaHeCTH Ha €ro WKaJy HeoGXONUWMOe KOJHYECTBO TpamynpOBOK
IJg BCeX BUIOB H NpPELCJIOB U3Mepedlifl, OCOGEHHO IJs OTCYeTa
nepeMeHHBIX HaNpsKeHufl u comnporuBieHuft. B stom cayuae
MOXHO OCTaBHTb Ha NpHGOpe WKaJYy C 3aBROACKOH I'PalyHpOBKOH,
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MOCTPOHB JJIsi aBOMeTpa IpalyHpOBOYHble rpaduKH H MOJb3YSACh
UMH NpH JajbHeHUHX u3MepeHusx. [IpHuMepHble rpagyHpOBOYHEIE
rpaduku AJs aBoMeTpa ¢ npuHGopoM Ha 1 xa nokasaHm Ha
¢ur. 19. B neficTBHTENILHOCTH XOJ KDHBBIX IJIsi KaXKIOro AaH-
HOTO aBOMEeTpa MOXKeT GbITb HHBIM, OCOGEHHO MO LIKaJjaM Mmepe-
MEHHBIX HalpsKeHHH.

H3roToBisiiorcsi rpagynpoOBOYHBlE TPA(HKH CJASLYIOIMIUM 00-
pasoM. Ilo ropusoHTaNbLHOH OCH HAHOCATCA HeJIeHHs LIKaJjbl, a
N0 BepTHKAJbHOH — H3MepsieMble BeJHYHHbI (BOJBTH, MHJJIHAM-
nepsl, ombl). IIpu rpagyuposke aBoMeTpa TOYKH HAHOCATCSl He Ha
ero 1iKajJy, a Ha COOTBETCTBYIOLHe 3aroTOBJeHHble IpadHKH H
yepe3 5TH TOUYKH INIPOBOJATCS JIMHHH.

Koppexyusa uwacrornod xapaxrepuctuku asomerpa. ITlon6op
Besnunn koHpencatopos Ci, C; u C; (¢ur. 11 u 12) npousso-
JUTCSL caelyiomuM o6pasoM. ABoMeTp MOIKJIOYAeTcss K reHepa-
TOPY HH3KOH YacCTOTBl, YaCTOTy KOTOPONO MOXKHO MeHSTb, HO MpH
BCEX 4YaCTOTax [aBaeMOe UM Ha aBOMETD HalipsXKeHHEe IOJIKHO
ObITb NOCTOSIHHBIM NO BesauyuHe. Koppeknus mocturaercss moxn6o-
pOM BeJHYHHBl eMKOCTH M TOYKH ee MOAKJIOYeHHs. TaKuM Cmoco-
6OM MOXKHO IOJIYUHTH NMOYTH HE3aBHCHMbIE [OKA3aHHSI BOJBLTMET-
pa JO YaCTOT B HECKOJbKO Thicsu repn. OmHako, B 06JacTH
GoJsiee BBHICOKHX YacCTOT H IPH KOPpEKIHH aBOMETp [aeT BCe XKe
3aHHKEHHble NOKa3aHHS.

ITocne nom6opa emkocTelf HeOGXOMMMO NPOBEPHTL DpaayH-
poBKy mpu6Gopa Ha uactote 50 2y4. Ecan BKiOueHME eMKoCTeH
HCCKOJIBKO HapYLIHJIO IPagyHpOBKY, HEOGXONIHMO H3MEHHTb Be-
JIRYHHY JOGaBOYHOINO CONPOTHBJIEHHS! IJisl BOCCTAHOBJIEHHS Mpa-
BUJIbHOCTH NOKa3aHHI aBoMerpa. TakuM o6pasoM OCYLIeCTBJISET-
¢ moA6op eMKOCTeH NpH BCeX TpeX [IOJNOXKEHHSX mepekJioua-
TeJIL aBOMeTpa Ha M3MepeHyde MepeMeHHBIX HanpsKeHHH,

I'padyuposka no wrxaae conporusaenusd. Tlo mkane omoB
aBOMeTp TpalyHpyercsi Takxke, Kak M oMMeTp (cM. cTp. 9).

Cnoco6 nosouuenus TOYHOCTu u3mepeHus Hanpsaxcenuii. Jas
yJAydIUeHHs] TOYHOCTH H3MEpeHHI aBOMETPOM MOCTOSIHHBEIX Hamps-
XKeHHH B CXeMax paJuONpHEeMHUKOB H ycujaurtenefl, TpeGyercs
BCIIOMOTaTeJIbHOE COMPOTHBJEHHE TOTO Xe NOpsAAKa, uTo H noba-
BOYHOe (COMPOTHBJIEHH® aBOMeTpa NpH LAHHOM Ipejelie H3MepeHHsl.

[Tpeanosioxum, yto Tpe6GyeTcsi ONpeldesHTb HampsKeHHe, Ha-
BaeMoe BhIIpPsAMHTeNeM. BKiiogailoT aBoMeTp Ha 3aXKHMBbl BHINpS-
mutens (pur. 20,a) u otMmeyaior ero nokasanue U,, 3ateM BKJIiO-
4aj0T aBOMETP Ha 3aXKUMbl BBINDSMHTEJS 4epe3 CONpOoTHBJAeHHE R
(¢ur. 20,6) u cHOBa oTMeyaloT nokasanue asomerpa Us. Mo stum
JABYM NOKa3aHUSIM aBOMeETPa HCTUHHOE HaMpsiZKeHHe BBIIPAMHTENA
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(mpy OTKJIIOYEHHOM aBOMETPE) BLIYHC/SETCA MO HUXKecaelywouled
topmyae

R-U,-U
8 — 1Y
§ + V=rr+ 0o ©)
: ) g rie Ry— 106aBouHOe CONpOTHB/EHHE B
& A - aBowmetpe (ur. 11 1 15).

e) Ilpumep. Tlycth npH npelese uamepe-

Husg 0+ 500 8 mob6aBouHOE CONPOTHBAEHHE
B aBomeTpe R = 100000 ox. Ilpu Bx.mIO-

1 » YeHHH aBOMEeTPa HeNoCPeACTBEHHO HA 3aXKH-
§ A , MbBunpsaMHTens (¢ur. 20, a) ero noxasa-
s ’ HHe U; =270 8, a mpH BKJIOYEHHH Yepes
8 " BCIomoraTtejabHoe conpoTaBenne R=30000
- » om U,;=210 6. Torpa HCTHHHOE HANpskKe-
0) HHE, aBaeMOe BHIIPSIMATENEM NpPH OTKJIO-

@uz. 20. Cnoco6 mo- UEHHOM aBoMerpe, OyJner

BbILIEHHSA TOYHOCTH

M3MepeHus  Halpsie- U= 30000.270-210 =983 8.

HUil aBOMETPOM, 100 000-(270+210)

Bausanue rHeauneinoctTu xapaxrepucruxu aamnol, Ilpn usme-
PeHHHM ONHC4HHBIM BhIlle CNOCOGOM HANMpAXKEHHH Ha 3JeKTpoLax
JaMnbl NpHeMHHKAa HEOOXOAHMO YYHTBIBaTb, 4YTO CHJIa TOKa B Ile-
OX JaMobl HE HAXOAHTCA B NPAMOH NpPONOPLHOHAJBHOCTH
OT HanmpsUKeHHI Ha ee 3JIeKTPOAAX H TONbKO B Tpede-
Jax NpAMOJHHEHHOH 4YacTH XapaKTePHCTHKH CONPOTHBJIEHHE
JdaMnbl nocrosnHo. [TosTomy BkiIOYeHHe aBoMeTpa, H3MeHdAA Ha-
NpsiXKeHHe MEXAY 3JISKTPONaMu JaMIOH, MOXKET M3MEHHTb H ee
conporuByenue. YTobel yGequTbCsl B TOM, YTO COINPOTHBJEHAS H3-
MepsAeMOH LeNnH He H3MEHAeTCs OT BKJIOUEHHS aBOMeTpa, cJe-
AyeT NMPOHU3BECTH ellle ONHO U3MepeHHe IPU ALYIOM, HECKOJIbKO
MeHbIlIeM BCIIOMOraTeJbHOM CONpOTHBJEHHH R. Ecay BbluHCIIe-
HHe N0 pe3ysbTaTaM OGOHX H3MepeHMH JacT OAHMHAKOBHH pe-

3yJbTar, H3MepeHHe

7 é MOXKHO cuUHMTaTh  Ipa-

L BUJIbHBIM,
7 «lIpobruxku» Kk aso-
150210 serpy. Hna yno6era

N0JIb30BaHHsI aBOMETPOM

cJefyeT HU3rOTOBHTh [Ba

% v «npoGHHKA» (uxyma).

IMpoGuuk (dur. 21) co-

@uz. 21. Konctpyknns .npo6umka® pas mog- CTOHT H3 MENHOTO  HJIH

KIIOYEHHA aBOMETPa k usMepseMoft mems.  JIaTYHHOTO CTepxHs [
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AuaMerpoM 3 —4 mm u paunodt 120 — 160 mm, oAuH KOHel KO-
TOPOTo 3aTOYeH Ha ocTpue. K IpyroMy KoHLY CTepXKHs, IpHIIaH-
Baercqd THOKMH H30JHMPOBaHHBIH NPOBOAHHK 3, 3aKaHUYMBAIOLIMICS
HaKOHEYHHKAMH (MeTa/IMYeCKHMH KPIOYKAMH) MM IUTENCeb-
HBIMM HOXXKaMHM IS NOJAKJIOUeHHs: ero k aBomerpy. Ha meras-
JIHYeCKHH cTepKeHb HaleBaercss IeTHHAKCOBas HJIH 36GOHHTOBAsS
Tpy6ka 2 aauHoH 150—200 mm TakuM oGpa3oM, umoGn Crnalka
crepxHs I ¢ THOKMM npoBOAHUKOM 3 HaxoAHJach BHYTPH Hee H
4yTOGHI 3a0CTPEHHBIl KOHel| CTepXKHs BHICTYNAJ H3 TpYyOKH He 60-
jJee yeM Ha 5—I10 mm. Eciu BHYTpeHHMHl AMaMeTp HMeolefics
TpyOKkH GoJblile JHaMeTpa CTepXKHs, NOCJeAHHI MOXer OHITH 06-
MOTaH HHTKOH, OyMarof u T. H., KOTOpble NMPONUTHIBAIOTCS JIAKOM
HJIH KieeM. B3sB B pyku .rpyO6Ky 2, oueHb yZOGHO C IIOMOIIBIO
OCTpHSI CTepXKHA MNOJKIIUYaThes K JM00OH TOUKE CXeMBl IIPH-
eMHHKa.

Saxcum Oasn nodxaovenus asomerpa. [lpu GoJbuioM uucae
U3MepeHUl B MPHEMHHK® HJM YCHJHTEeNe OLHH H3 MOJIOCOB aBo-
MeTpa HYXKHO IPHCOEAHHATb HA NMOCTOSHHYIO K L1acCH mpoBepsie-
moro anmapara. Jast 31off nenn oueHb yaoOeH 3aXKHM, H3TOTOB-
JeHHHH B coorBercTBHH ¢ dur. 22,a. Ha ¢dur. 22,6 nmoxkasan ero
paspes. IlpucoennHeHne 3aXHMa K CXeM€ NPOH3BOJHTCA C MO-
MOIIBIO €ro <IIHMIOB», 06pasyeMbIX HM30THYTHIM KOHIIOM IPOBO-
JIOYHOTO CTepKHS I 1 MeTa/uIHIeCKHM (DaCOHHBIM HaKOHEUHHKOM 3,
NpUNasiHHBIM K KOHIYy MeXHOH HJM JaTyHHOH Tpyokn 2. Pa-
COHHBI HAaKOHEYHHK NOKa3aH MAJs GoJibllleH SICHOCTH OTAEJbHO Ha

= 207 -
Ty 5

‘L va 10
7

@ue. 22, KoHcTpykuus 3amxuma,
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¢ur. 22,8. CrepxeHb NPOXOAUT BHYTPH TPYGKA 2 p € MOMOIIBIO
raek 9 cKpelisiercss ¢ THJIb30H 4 OT OXOTHHUbEro pybs. Ha
KOHell TpyOKH 2, BXONSIUN B rUIb3y 4, HanasgHa MeTaJjJiHueckas
NJaCTHHKA 5, KOTOpasl JOJI:KHA NMepelBHIaThest CBOOOMHO B 1a3aX
THJIB3H 4 H NpeAoTBpallaTh NpoBOpauHBaHHe TPYOKH 2 KPyrom
crepxHs /. [lpotHoe 3a)kaTtue Kpasi IIaCCH WJIH 1POBOJHHKA NPO-
BepSIeMOro anmaparta MeXAy KOHIOM cTepxkHs I u HAKOHGUHH-
KOM 3 JOCTHTaeTCsl ¢ MOMOIIBIO MpYyXKHUHH 8, KOTOpass yHHPaeTcs
OIHHM KOHLUOM B IJIaCTHHKY &, a japyrum B wait6y 11. Yepes
OTBepCcTHe B THJb3e 4 NpPONYCKaercsi OQWH KOHel THOGKOro mHpo-
BOJHHKa 7 M NpucoequHsiercs K crepxHio /. Bropoit KoHen
3TOTO MpOBOLHHKA cHaGKaercsi HakoHeuHnkom [0 (mau 1Ten-
CeJILHOH HOXKOH) Jisi npucoenuHenus k asoMerpy, Ha swicty-
Namuui U3 JHA THAb3b 4 KoHel cTepHs | HaBUHUHBAETCS KOJ-
nayox 6 u3 >00HHTA WJIH KakKoro-aubo Apyroro marepHala,

Ecan 3a)kum Tako#l KOHCTPYKIHH MNpeANoJiaraeTcss HCHOJb30-
BaTh AJig MNOAKJIOUEHHs aBOMETpa K IelaM NpoBepsieMoil CXeMbl,
HaXONSIIMUMCS] NIOX HanpsiK€HHeM MO OTHOLIEHHIO K 1iacCH, TpyG-
Ky 2 HYXXHO NOKpbITb H3OJNSLUOHHBIM CJIOEM, HalmpuMmep HaleTh
Ha Hee MepPTHHAKCOBYIO TPYOKYy HJU OOMOTaTb ee OAHHM-ABYMS
CJIOSIMH NJIOTHOH GyMarH, NpOMNHTaB ee lIeJVIauHBIMH HJIH GaKeJn-
TOBHIM JilakoM. B atoM ciyuae rumb3a 4 moJxHa ObITH CHeJaHa
U3 H3OJSLHOHHOTO MaTepuaja, Jr0O MOKPHITA  H3OJMALUOHHBIM
cyioeM, 0GeCreYHBAIOIIUM HANEXHYIO H3OJSLHIO PYKH OT MeTalt-
JIMYeCcKHX vacTell 3axkuma.

Ilpn u3MepeHHsIX TOKOB CHJIOH B HECKOJIbKO COT€H MHJLIHaM-
[ep WM B HECKOJbKO aMiep, He CJedyer MepekJiodaTbh mpededik:
H3MepeHUs] TNOX TOKOM BO H3GexaHue OOrOpaHHs KOHTAKTOB
nepekJirouaTeis,









