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NPEAUCNOBUE

PaspuTne coBpeMeHHOH HayKu M TexHHKH Tpebyer HemnpepniBHOrO
COBEpUICHCTBOBAHHSA ~ DA/IHOM3MEDHTENIBHEIX  CPEACTB. Cpess  GOJIbmoro
Pa3sHoOGpasHs BHJIOB PaJMOM3MEPEHHIl B HANA30HEe CBEP XBBICOKHX 4acCTOT
(CBY) oo u3s Benyummx Mecr sauumaer H3MepeHHe MOLIHOCTH.

TlpuGops [/1s1 H3MepeHHs MowHOCTH CBY, naswiBaeMeie BaTTMETPaMH
CBUY, Kpome OCHOBHOTO CBOEIro HasHAYEHHs HCTIONB3YIOTCS TAKXKE JIS H3-
MEpEHH5 HHTEHCHBHOCTH M3JYYEHHS TNIPH MeIMKO-GHOJOTHYECKHX HCCTe-
HOBalusAX, AJIsl ONpE/iesieHHs] IOTEPE B YETHIPEXTIONIOCHUKAX, KO3(HLMEH-
T4 OTPAXKEHHS!, YACTOTHLIX XapAKTEPHCTHK pPa3/iHYHBIX paaxoycrpoiicrs
u T. I. Bartmerper CBU BXOAAT B YHCJIO OCHOBHEIX TpHGOPOB, HCroB3Ye-
MbIX Ha BCeX STanax paspaGoTKH, PETYJIHPOBKH M BHIIYCKa B cpepy obpa-
WEHHsT reHeparopoB H ycuiuteneii CBU. B nocieanee BpEMsl BATTMETpPHI
CBY mHavanu npuMeHsTH B cucTeMax C IDOTPAMMHEIM YTIDABJIEHHEM /15l
M3MEPEHHS M KOHTPOJIS YPOBHSI BLIXOAHOH MOLIHOCTH HCTOYHMKOB CHI-
HaJIoB.

B kuHre onmcpBaloTCs OCHOBHLIE MeTOnH H3MEPEHHH MOLIHOCTH OT
OIHOrO MHKPOBATTa JI0 HECKOBKHX KH/IOBATT (CpenHee 3HaueHuHe) u Gosee
B IHana3oHe YaCTOT OT HECKOJIBKMX MErarepll 0 AECSTKOB THrarepl, pac-
CMATPHBAIOTCS MPHHUMIHANBHEIE CXEMEI M KOHCTPYKIMH OTJENBHLIX y3-
JIOB H NPHGOPOB B LIEJIOM, IPHBOJHMTCS AHAJIH3 TIOTpeLIHOCTel H3MepeHHst
MouwiocrH. Kparko onucbiBaiorcst HoBbie MeTogpl, HCTIO/Ib3yeMEIe B Hayy-
HO-HCC/ICNOBATEILCKOR NIPAKTHKE, B YAaCTHOCTH METOLbI, OCHOBAHHLE Ha
HOBLIX 3(eKTaX B NONYNPOBONHHKAX, NPHTOLHLIE st H3MEpEHHST HM-
My/IbCHOH MOWHOCTH; PacCMOTPEHEl OCOGCHHOCTH HaMepeHHst MOILHOCTH
B ONTHYECKOM JHANasoHe JJIHH BOJH.

Kuura Gyner nosesma cremmanucram, 3aHHMAIOLUMCS KOHCTPYH-
pobalMeM M skcryatauued partmerpo CBY, cucreM u xommiexcos
B COCTaB KOTODEIX BXOAAT npeoGpasosarenu u Battmerpsi CBU, a tame
CTyACHTAM CTapIIMX KYPCOB H acIHPAHTaM PalHOTEXHHYECKH X B,ysOB

Kuura copepaxur o6mmpryio GHG1HOrpadHio. Marepuan KHHTH H3-
JIOXEH TaK, YTOOB! KaXYI0 [VIABY MOXKHO OLIIO YHTATh OTJieJIbHO.

ABTOPL! BHIPMAIOT NPH3HATENBHOCTD KAHI. TeXH. Hayk Ppymku-
Hy B. JI. u Kaua. Texu. nayk Kownunny A. H. 3a uennpe 3aMeYaHusi, cre-
JIAHHbIE HMH IIDH PEUEH3HPOBAHHH PYKOIHCH. ’




fmasa 1
OBLUME CBEAEHUA ‘O NPUBOPAX AN U3MEPEHUS MOLLUHOCTH

MougtocTs B o6iuem Buje eCTh ¢u3HueCKasi BeJHYHHA, KOTOpas Of-
penessiercsi pa6oToii, TMPOM3BOAMMON B €IMHHILY BPEMEHH. Emunnna M?{Iu-
HocTH BatT (BT) cooTBeTcTBYeT MOLWHOCTH, MPH KOTOpOH 3a ONHY CCKY iy

BHIIOJIHsIETCS paboTa B OLMH Jok0yJib (JI). ) )
Ha nocTosiHHOM TOKe H NEpeMeHHOM TOKEe HH3KOH YacTOTH Hemocpek

CTBEHHOE H3MepEeHHE MOILIHOCTH 3a4acTyio 3aMeHACTCH H3MEpeHHEM JEH-

Tor Harpsxerue

' Z,£2Zp

Puc. 1.1. Crosune BONHE HANDAKEHHS M TOKA B JHHWH Nepeaauy Oes MoTepb, Harpy-
o JKeHHOIl Ha HECOTNACOBANHYI0 HANPY3KY.

CTBYIOIIETO 3HAYEHHS 3JEKTPHYECKOTO HAMpSIKEHHS HA Harplysxe U,
JefiCTBYIOIEro 3HaueHHs TOKa, NPOTEKAIOIIEro Uepes Harpysky /, H yria
cIBHra (has Mexy TOKOM H HampskeHHEM Q. Ipu 31OM MOILIHOCTE OfIpe:
eS0T BEIPaXeHHeM

P = Ul cos g.

B CBY puana3’oHe H3MEpPeHHe HanpsDKeHHs H TOKa CTaHOBHTCA 3a1;}:{}§;
HuTeTBHEM. COM3MEDHMOCTh PasMepoB BXONHBIX LEMCH usmepmegaHaq-
ycrpoitcrs I ¢ LTHHOH BOJHEI A\ siBASIeTCS] ONHOM H3 NMPHYHH HEOJH o
HOCTH M3MEpEHHS HANpSDKEHHA H TOKa (puc. 1.1). I/Iamgjlenuﬂ co(r)lga ok
JAKOTCS 3HAYHTETBHBIMH YACTOTHEIMH MOTPEIHOCTSIMU. Laenyer Capks,
YTO H3MEpEHHE HANPSUKEHHSI H TOKa B BOJHOBONHLIX TPAKTAX r;gT o
TOpHIX THMAX BOJH, Hanpumep He B KPYIVIOM BOJIHOBOZE, Tep A
THUecKMi CMHC/I, TAK KaK NPOJIO/IBHAS COCTaB/siOMas B MPOBOL
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CylCTBYeT, a pasHOCTb NOTEHUMANOB MEXIY KOHUAMH JH0Oro AMamerpa
ceyeHHs BOJHOBOJia paBHa HyJio. B cBf3u O ckasanHuM Ha yacToTax Ha-
YHHAs1 C ICCHTKOB MErarepIi NpeAnouTHTebHEM H G0JIee TOYHEIM CTAHOBHT-
csl HEeMocpeiciBeHHOe H3MEPEHHE MOIUHOCTH, a Ha YacTOTaX CBhILIE
1 000 MI'y — 3T0 enMHCTBEHHEIH BHA H3MEPEHHH, OJHO3HAYHO XapaKTe-
PH3YIOILHI HHTEHCHBHOCTD 3/I€KTPOMAarHHTHEIX KoseGauuil. Jinsa Henocpen-
CTBEHHOro M3mepeHus moinHocTH CBY npuMeHsiroT MeTofpl, OCHOBaHHbLIE
Ha QYHIAMEHTATBHEIX QU3HYECKHX 3aKOHaX, BK/IIOYAIOUIME METO, NP SIMOro
H3MEDEHHsI OCHOBHEIX BEJTHYHH: MAcChl, JJIHHEL U BPEMEHH.

Ipu stom pasnuyalor 1Ba OCHOBHEIX cayyas:

— H3MEpEeHHEe MOLIHOCTH, NPOXOAsilel OT HCTOYHHKA B JauHyio Harpys- |

Ky (mpoxofsiuei MOLIHOCTH);
— H3MepeHHe MOLIHOCTH, KOTODYIO HCTOYHHK MOXET OTAATh B COIMIACOBaH- 2
HyI0 Harpysky (TOIIOIIaeMOoi MOLIHOCTH).

B nepeoM cnyyae npuMeHsIOT BAaTTMETPH HpPOXOASMILEH MOLIHOCTH, .
BO BTOPOM — BaTTMETPh! NOIVIOLIAEMOH MOILHOCTH. -

Jns xapakrepHcTHKH HctounnkoB CBU MoisocTH B GosBIUMHCTBe
C/lyuaeB JIOCTaTOYHO 3HATh CPEJHee 3HAueHHe BRHIXOJHOH MOIIHOCTH. B 06-
eM BHJIE CpeiHee 3sHAayeHHE BEIXOJAHOH MOIIHOCTH MOXKHO 3aIHCATH KaK

T
b 1
Poy=— [P0,
0

rae T — nepuos ycpenHeHusi, p(f) — MIHOBEHHOE 3HauyeHHe MOLHOCTH.
Teneparopsl HMIYJIBCHO-MOJlYTHDOBAHHEIX  CHIHA/IOB YacTO Xapak-
TepHU3YIOT MHKOBOH MOILHOCTEIO. [Iof MHKOBOH MOIIHOCTBIO MOHUMAIOT yC-
pennenHoe siayerne CBYU mourHocTH 3a nepHoz YacTOTH Hecyluedt, mpHxo-
AAMIACS Ha MAaKCHMyM oruGatoiuell MMIy/sca MomHocTH. ITHkoBYI0 Mowy-
HOCTB Py, MOXKHO H3MEDHTE HENOCPEICTBEHHO HIlH ONPELENTHTH 110 GopMyJle
HCXOJIfl U3 CPeHeR MOIHOCTH Py, CKBaXHOCTH Q K KO3(puuueHTa GopMbl
HMIyabca K g, e
- Pryy = K‘X)n QPcml

rae @ = 1/F,T, — CKBaXHOCTE HMMIYJIBCOE; Fy — yacrora caefosanus
HMIyabcoB, Il T, — AIMTEABHOCTD UMIYABCOB, ¢; Ky, — Koabdumuent
(OpM1, paBHbIii OTHOIIEHHIO MAKCUMABHOTO YPOBHS (ITHKOBOH MOLLHOCTH)
IeHCTBHTE/IBHOTO MMITYJIBCA MOIHOCTH K YPOBHIO SKBHBANEHTHOTO MpSIMO-
YTOJIBHOTO MMNy/IbCa TOH e IHPHHLI H ILIOIANH.

*Ha npaxTHke uacro HCronb3yior TEPMHH <HMMYJBCHASI MOLIHOCTE®
(Py). Ilpu 3TOM peub uier 0 cpenHeM 3HAUEHHH MOIHOCTH B HMITY.TbCE npH
oru6aroweit CBY ummy.tbea np smoyronsto#t dopmer. Jins CBU ummybcos
¢ oruGaoiel npsAMOyronbHON GOPMbI MMKOBAst H HMIYIBCHAS MOLIHOCTH
paBupl, Tak kak Ky, = 1. B s1oM ciyyae P, = P, = QP,,.

INpu CBY umnyabcax ¢ oruGaroiuel He np iMOyroibHOf (OPMBbI moHS-
THE «HMNYIbCHAast MOIUHOCTB® CTAHOBHTCS HEONpEeleseHHLIM H3-33 OTCYT-
CTBUS yCTAHOBHBILETrOCS TOAXOAAa K ONpEJe/IeHHIO IJTHTENBHOCTH HMITY.Ib-
ca (puc. 1.2).

Hecmorpss na pasnooGpasue Meropos usmepenusi CBU MoiHocTH,
BCe OHM CBOASATCSI K 1peoCpa3soBaHMI0 SHEPIHH 3aeKTpoMarHuTHex CBY
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KosleGanuil B APYroi BH SHEPIHH, JOCTYNHOM U1l H3MCPEHHS: TEMNN0BYIO,

MeXaHHYECKYIO H T. . ]
Cpemu npuGopoB A/1s1 H3MEpeHHS CBY moinsoctu HauGoJbliee pac

JIM BATTMETPbI, OCHOBAHHBIE Ha TEIIOBHIX MeTojax.

npocTpaHeHHe MOTYYH. b
I/Ipcno;bsym TaKKe psiA APYrHX METOJ0B— MOHICPOMOTOPHLIH, 30HI0BHIA
U ApyTHe.
L]
t

Puc. 1.2. 3apucumocTb Px OT YCJIOBHO NMPHHATOR JJTHTEJIBHOCTH HMIYJIBCA NPOHSBOJL-

noft GopMu.
L]

PaccMOTPHM OCHOBHHIE XapaKTePHCTHKH, CBOHCTBEHHbC BATTMETPaM,
HX OCHOBHHIE Y3JIbI H TPeSOBaHHs1, NPEABABISAEMEIE K HHM.

1.1, OCHOBHbIE XAPAKTEPUCTHKHN

Bxoxuoit HMIeaHc H corjacosanne. HssecTHo, uro ()Gnannzvi U3 nfféi:
MeTpOB, KOTOPbLIM XapaKTepH3YeTCsi HCTOYHHK CBY kosebannit, ;u;] "
51 €r0 BHIXOJHAS MOLHOCTD. T2 MOIHOCTE 3aBHCHT OT HMIIE/JAHCA HATPY. -
KM H JIOCTHraeT MAaKCHMyMa IIpH KOMII
JIEKCHO-COTP SKEHHOR Harpyske, T. €. npH
(0BY) Z, = Z& (puc. 1.3). _
~ ITox BbIXOIHOH MOIIHOCTBIO HCTOYHH
Mutun mepesass ka CBU KoJjeGaHHii MNPUHATO MOHHMATh
MOILHOCTb, KOTODYIO OH MOXeET Pa3sBHTh
Ha COIVIACOBaHHOH Harpy3ke. B cBssH C
5THM npuGophI, NpejHasHaueHHbe IS H3-
MepeHHs! BLIXOIHOH MOIIHOCTH [eHeparo-
poB (BaTTMETPEI norJoaeMoH MoLuHoc'm)_, JIOMKHBI  SIBJISITBCS 3:3;45;-
JIGHTAMH COIJIACOBAHHOM HArpy3KH M MX BXOJHOE CONMPOTHB/IE 1;1d Cy
JIOKHO GbITh PABHO XapaKTEPHCTHYECKOMY CONPOTHBJIEHHIO JHHHH I
peﬂanleiZJ‘;g;anoe TpeGoBaHHE TPEABABISIOT K BaTTMETPaM npoxonﬂ;ueﬁ
MolHOCTH. MIX BK/IIOUAIOT MEXJy reHepaTtopoM H Harpysko#, H, caefo-
BaTeJbHO, OHH HE JIOMXKHBI HApYIIaTh YCOBUs NEPE/ayH MOLIHOCTH. :fr(:)
JIOCTHTaeTcs B TOM clyyae, Korja on;mon M BBEXOJHON HMIIEJAaHCE BaTT

ofsLel MOLHOCTH PaBHb! Zyy.
MeTpaB n;?e(gjlbli{bl& npubopax ygﬂOBHH COIIaCOBaHHS BmeJIHﬂ!Ol;faC:T 15 e:e;
KoTOphIM npuGamxenueM. CreneHb COracoBaHHsi HMMEAaHCA P
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Z,
Zr oz Haepyska

Puc. 1.3. Ynpoulennan CTPYKTYP-
nas cxema nepegayn CBY mout-
HOCTH B HAarpY3KYy.

.
C BOJTHOBHIM CONpPOTHBJICHHEM JIMHMii Nepeflaul XapaKTepH3yeTcst K03(pH-
LMEHTOM OTpPaXKeHHsI

rn = (ZB - wx)/(ZB + Zon)- (1-1)

Monyie KOI(HUKEHTa OTPAXKEHHS PABEH OTHOMEHMIO AMILIHTYAbI
HanpsHKEHHOCTH MOMIS OTPAXKEHHOH BOMHB Egyy, K aMIVIHTYJE HAMpSKEH-
HOCTH 110151 NAfAe# BoMHe! Ep, ;i

lrnl = Eo /Enan' (1_2)

Ha npakruke uaine u3mMepsiioT KO3(XpUIMEHT CTOSINeH BOJIHLI (KCB),
KOTOPHIH CBA38H € KO3(pHIHEHTOM OTPaXKEHUS COOTHOLIEHHEM

KCB = (1 4 [T])y/(1 —|1]). (1.3)

B 3aBucumocru or knacca TouHocts BarTmerpa KCB Ha Bxoge npH-
Gopa He IOMKEH NMPEBLINATE CAEAYIOIHX 3HayeHui [10]:

knaacc ToysoctH 1,0 1,5 2,5 4,0 6,0 10,0 15,0 25,0
KCB, He 6onee L1 1,2131,41,5 1,7

TD

PaGounit auanason wactor. PaGoyuit AHANA30H YacTOT BATTMeTpa —
5TO I0/10CA YacTOT, B KOTOPOH XapaKTepHCTHKH BATTMETPa, B YACTHOCTH
OCHOBHas TMOTPEIIHOCTh, HE NPEBLILAIOT HOPMHPYEMbIX 3HaueHHil. B pa-
GoueM Iuanasolie Yacror, KaK NPaBH/IO, BATTMETPH HE NEPECTPAMBAIOT 110
yacrore. Vck/moueHHe COCTaB/ISAIOT TaK Ha3LIBAEMbC H3GHpaTebHLIC BATT-
METpEl, KOTODEHIC NMPH HM3MEHEHUM YacTOThl HEOGXOUMO NEpECTpPaHBATh.
PaGouuit 1Manasol YacTOT TAKHX BATTMETPOB OMNpEZE/ISeTcsi npejenamu
PEery/IMpOBKH HACTPOEYHBLIX 3/1EMEHTOB.

OcHoBHEIM TpeGOBaHHEM, NPELBABISEMbLIM K AHANA30HHHIM BaTTMeT-
paM, sBJISeTCA Clefyrolee: KoahpHUHEHT nepeKprITHsi ( OTHOIIEHHE Mak-
CHMAJIBHOH YacTOTH K MHHHMAJIbHOI1) N0/KeH ObITh MeHee 2 JUIsi KOAKCH-
aJBHBIX BaTTMETPOB H He MmeHee 1,4—1,5 115 BoHOBORHKIX. Boabiueti mu-
POKOIIOIOCHOCTH JIOCTHIAIOT MPHMEHSIS CMeHHbIe mpeo6pasoBaTenn. ¥ Ha-
n6onee MHPOKONONOCHHIX KOAKCHATBHEIX M BOJHOBOLHMIX BaTTMETPOB 110-
Joca paGOYHX YaCTOT OrPAHHYMBAETCS BO3MOXKHOCTsIMH CBY TpakKTa.
PaGoumii quanasoH 4acToT npHHATO BEIPaXath B Merareprax Ha yacrorax
Ji0 1 000 MI'nt v B rurarepuax Ha 6osee BHICOKHX YacTOTax.

Tpenenst namepennii. JAunamuyeckuii auanason. TIpenens usmepenuit
MOILLHOCTH BLIpAXAIOT /G0 B BarTax (NONBHLIX U KPaTHbIX CIMHMIAX),
JH6v B renuGenax OTHOCHTENBHO ypoBHsi | MBT. JIuHamuueckuii auana-
30H BaTTMETPOB 0OLIYHO He npesriuaer 30—40 1B, B To BpEMsI KaK JMana-
30H M3MepsieMbIX MOLUHOCTeH coctasyisier Gosee 140 nB. JTunamuyeckwii
AHMANIA30H OTZIGNBHEIX BATTMETPOB PACLIHPSIOT NPHMCHSS CMekilibie Mpeos-
PasoBate/H, BHELIHHE NE/HTEJH (ATTEHIOATOPLI, HANPAB/JEHHLE OTBETBH-
Tes). Tlpu 5TOM, OHaKo, BOSHHKAIOT TPYIHOCTH IIPHHLMMHANBHOTC Xa-
Pakrepa, He 103BO/SIOIKE C NOMOLIBIO OAHOrO Npu6opa H Habopa AETH-
Te/lel K HeMy M3MEepATH MOLHOCTB BO BCEM JHHAMHYECKOM JHANa30He XOTS
Ot B y3Koit moJIOCE YACTOT.

Ocnosnas norpeuHocts. OcHoBHast MOrpelHOCTh H3MEPEHHS — 3TC
NorpewsocTe npubopa (BrJIrouas CHCTEMATHYECKYIO H CJyyaliHylo COCTaB-
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JSOIIHE) B HODMAJbHHX YCJIOBHAX (HOpMaJIbHEIE YCIOBHsl OTrOBODEHH B
FOCT 9763—67). Ona onpeze/isiercst Kak PasHOCTb MEXIy MOKa3alHeM
npubopa ¥ HCTHHHBIM 3HaYEHHEM H3MepsieMoil BeIHYMHEL Tak Kak HCTHH-
HOe 3HAYEHHE W3MEpSIeMOil BeHUHHL HEH3BECTHO, MOJIB3YIOTCS TAK HASHI-
BaeMbIM JCHCTBHTENbHBIM 3HaUE€HHEM H3MepsieMOH BEJTHYHHEL. Tlon neii-
CTBHTEJBHEIM 3HAYEHHEM M3MepsieMOfl BEJHUHHH MOHMMAIOT 3HAUCHHE,
HACTOJIBKO MpPHGIMKAOIIEECsT K HCTHHHOMY, YTO €T0 MOXHO MpPHHATE 32
HCTHHHOE.

JleficTBuTe/IbHOE 3HAuEHHE H3MepsieMOll BEJMYHHBI, KaK MpaBHIO,
onpenensiioT SKCMEPHMEHTANTBHO C TMOMOLIBIO 06pasiioBofi amnaparyphl,
HMeIoLeH IOTPeINHOCb, N0 Kpaililei Mepe B TPH Pa3a MEHBLUYI0 HOPMHPY-
emofi OCHOBHO# MOTPELIHOCTH T10BepsieMoro npHbopa.

OCHOBHYO TIOTPELIHOCTh AAHHOTO THMA npuGOpOB HOPMMPYIOT, 4TO-
Gbl pasHOCTh MEXKIY MOKa3aHHeM J060r0 3K3eMnJsipa BaTTMETPa H Jei-
CTBHTENBHEM 3HAueHHEM H3MepsieMOli BEJIHUMHb! HaXOIMJ4ch B Mpejenax
rapaHTHpPOBaHHOrO MHTEpBaja C onpeneseHHON NOBEPHTEBHOH BEpOAT-

HOCTBIO, T. €.
—Ap < 6 < Aoas (1.4)

rie Ag u Apz — npeleNpHO AONYCTHMbIE 3HAUCHHS OCHOBHOIi Torpell-
HOCTH.

Jlisi npHGOPOB, HMEIOIHX HEBLICOKYIO TOYHOCTb, HOPMH Ha JIOMyCTH-
MOE 3HAuEHHE OCHOBHOF TIOrPeIHOCTH 3aJ1aioT B BHIE -

—Ay < 6 < + A (1.5)

OCHOBHasi MOTPEIIHOCTE BATTMETpa AJIsi KOHEYHOTO SHAaYeHHs yCTa-
HOBJIGHHOTO Tpefiela M3MepeHHil, BHpameHHasi B NMPOUEHTaX, HE JOJXK-
Ha TPEBLILATh €ro Kjacca TOYHOCTH. .

JlononnHTe IbHbIE TIOT PELIHOCTH. JlononHUTENBHOR  NOFPELHOCTHIO
ABJISIETCH M3MEHEHHe r0Ka3aHuii npHOopa NpH OTK/JOHEHMM OJHOFGC H3
BJIHSOIIMX (DAKTOPOB 32 MpEJe/b HOpMaIbHOH o6nactu 3HaueHuii. B 3a-
BUCHMOCTH OT BJMSHOLHX (DaKTOPOB PasiHYaioT CJeyIoIHE JONONHHTE b-
HEE MOTPELIHOCTH: M3-33 M3MEHEHHs TEMNeparyphbl, BIAXHOCTH, Jaslic-
HuSi, HATIPSDKEHHS MHTaHHsi M 1p. JlomoNHHTeNBHAs TEMIEpATypHast Mo-
rpeIIHOCTh HOpMHMpYeTcsi OObUHO B NPOLEHTAaX Ha 10° C, a ocrajabHbe
B NpPOLEHTAX Ha BECh HHTEPBAJ H3MEHEHHsl, HalpuMep fia tipesenbHO JIo-
IIyCTHMOE OTKJIOHEHHE OT HOMHHA/IA HanpsDKEHHA CETH 220 B, 50 I'u.

Koadduunent npeobpasosanus, KosdduunenT 3hdex THBHOCTH H3-
MepuTebHOro (IPHEMHOr0) npeoGpasopaTens. OTH XapaKTepPHUCTHKH OfIpe-
JeISOT KauecTBO MpHEMHEIX npeoGpasopateell. 3HauenHs KO3(ppHIHEH-
ToB 1peoGpasoBaHust H 3(GEKTHBHOCTH HCINOJB3yIOT AJIA onpesieNeH st
H3MepsieMol MONIHOCTH B TeX CJTYYasiX, KOTJia H3MEPHTE/bHYIO CXEMY BaTT-
MeTpa KajMGpYIOT Ha MOCTOSHHOM TOKE HIH NEpeMEHHOM TOKE HH3KOM
YaCTOTHI:

Pcpu = P/Kyps Wi Pcgu = Py/K,, (1.6)
rie P, — noKasaHHe OTCYETHOTrO yCTpOfCTBA H3MEPHTEJBHON CXEMbl;
apr Ko — KOIDOHUHEHTHL npeo6pa3oBanus H 3(pHeKTHBHOCTH [IPHEM-
Horo npeoGpasoBareisi.
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aﬂaKg:q);bHuneH’r npeoGpasoBaits B 06LIEM C/1yyae ecTh OTHOLICHHE CHI
H a EIXozie 1peoGpasoBaTeNsi, OTOGPAXKAIOWEr0 HIMEPSEMYIO BeJH-
YHHY, K BHI3BBAIOINEMY €ro CHTHATy Ha BXoie mnpeoGpasopare,
(T'OCT 16263—70). P i
CHFH,S;H: :aTTMETpOB CBY koadpuurent npeoGpasoBaHusi cTh OTHOLIEHHE
rHa: 4 BLIXOJie TIPHEMHOrO npeoGpa3oBatelisi ( MM M3MEHEHHE €ro
::ne gngrgotzspagre'rpa) K BbIE;bI%a}OH.leﬁ €ro MOIIHOCTH Ha BXOAE (MJH H3-
HOCTH Ha Bxoze). B vacrnocrn, aist Gon
. , OMETPHYECKHX H Tep-
gd:}fgfu%l:{lzx npeoGpasosaresneii K,z = AR/AP (Om/Br) npeucTaB.vmgr
omouetn € H3MEHEHHUs! CONPOTHBIIEHHs Npeobpa3oBaresisi K BEI3LIBAIOLIEMY
pnquKn:{xHem}éo MOLLLHO((].‘I‘H H«'} Plsx?g(/eBnpeoﬁpasoBaTeJm; JJIS1 TEPMO3JIEKT-
~—Nape = VUms.p.e 1), e U, — 3Ha'ueH
; . He Tep-
Mgszaﬁ; eix f{a BLIXOJle npeobpasoparessi, P — MOLIHOCTE Ha BXofie npeog-
gan ;m(enﬂ' A1s fHOmHbIX — K 6 = U/P (B/BT), rae U — 3naueHue
p s Ha BhIXOje rnpeoGpasopatens, u T. A. B obwem cryuae K
3aBH;IHT OT YPOBHsI MOIIHOCTH H YacTOTH CHIHaja.
xoropb?ﬁ r;pa(l)xg::;iozaumnee ynorpe6um KoshdHIMEHT 3¢dpeKTHBHOCTH,
3aBHCHT OT YacToTel. B otimume or ki
. 0a(dHLHeHTa
;13[{(3063 ;gsonamm Kosdxbuuuein‘ 3peKTHBHOCTH €cTh Ge3pasmepHasi BesH-
namei)ex ;{{ gf:,ul({n'axgggr coboit 3((1))Tq;-lomenne kosdxpuIHeHTa npeoGpasoBanus
a » K KO3QxpuiueHTy npeobpasopa y
HHs1, H3MEpPEHHOM
i{{geoc;gﬁ;{ggg TOKE MJIH NePEMEHHOM TOKe HH3KO#i qacrm‘u'( T.e ll)'[pld cnr}f
BKH H3MEDHTENBHOH CX€Mbl) MpPH O, .3¢¢)e‘
HH
BLIXOJle mpeobpasoBaresis. ) TP omiaxoron e
uHeHEJIH GO/IOMETPHUECKHX H TEPMHCTOPHBIX TpeoGpasoBaTeiteii k03¢ ¢pu-
Lot 3¢PeKTHBHOCTH €CTb OTHOLIeHHe 3aMewaromed mompoctH k CBY
IHOCTH, MOIVIOEHHO!H B MPHEMHOM nipecOpasoBarese, T. e

P an/PcBy. (1.7)

Toqxszz‘t(gﬁﬁﬂﬁge pa;p%:emum{oau Xapakrepusyer npeoGpa3oBaTeqb C
nepefarleR JHHHHE, U3IYYeHHs, a

TaKXKe He3K-

BHBaIJ!IZHTHOCTH sameineHHs moumoctn CBY MOIHOCTEIO TOKa KanGpOBKH

VIb3YSICh 3HaueHHeM K,, U3MepSieMyIo MOIIHOCTb ONpEeNeNsiioT Kak

PCB'{ = PB/KB, (1.8)

rae [(’),, — MOKa3aHHe OTCYETHOrO yCTPOHCTBa BaTTMeTpa, Br.
TeJIHMCHOBHbIe TPeGOBAHHS], PEABAB/ISEMEE K [PHEMHEM Mpe0GpasoBa-
BAaTTMETPOB, — TOCTOSHCTBO KO3bQUIHEHTOB NpeoGpasoBalusi U
5(feKTHBHOCTH B paGoyeM [MaNasoHe YaCTOT H ypOBHEH H MaKCH
npubmnkenne K, K eMHUIE. HaTetoe
qmmgg;a :;%ngl,{:ﬂcg-#a He TpebyeTcs BLICOKAsi TOYHOCTE M3MepeHHil, Kosd-
uner ,ueﬁcmmenhgcm MOXHO YCJIOBHO MPHHSTH PaBHLIM €JMHHMLE, €C-
i ore RekcrauT 0€ 3HAYEHHE OTJIMYAETCS OT eMHHIH He Gosee 4YeM
o 12 PMHPOBAaHHOTO 3HAYeHHsi OCHOBHOH TIIOTPEIUHOCTH BATTMETPA.
=p1 0 5{67Mble Ha npakTHKe MpHEMHBbE mpeoGpasoBatesu umelor K, =
paH’ee“E-sM’e Cfon;anasoﬂe yacror 0,03—37,5 I'Tu. Cnenyer ormeTuThb, HTO
pan «Koaw"uue]la{lmnae;é(anHunem 3(PPEeKTHBHOCTHY yroTpebasiin Tep-
it «K0 npeobpasosanus». Msmetienne TepMHHOIOTHH 0GyC/10B-
JICHHEM B JieHcTBHe cranfapta 16263—70 «[ocynapcereeHHasi cH-
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cTema obecrnieyeHHsi €/IMHCTBA n3mepeHui. MeTposorHs. TepmuHbl H ONpe-

TieNeHHs .
Bpemsi yCTaHOBJEHUS noxkasauuil. JTa XapakrepHCTHKA 0COGEHHO

BaxKHa IIpH HCTOJNBL30BAHUH BaTTMeTpa B ABTOMATHYECKHX CHCTEMax. Tlon

BpeMeHEM YCTaHOBJIEHH A oKasaHuii MOHHMaloT BPEMs ¢ MOMeHTa MoAa4H

H3MepsieMoro CHrHazna Ha BXOJ HpHﬁOpa JI0 TOrO MOMENTa, Korja paSHOCTb
TBa H yCTaHOBHBLUHMCH 3Haue-

MEXJy noKasaHHeM OTCYETHOro yCTpO#iC

HHEM OKaXeTCsl MEHbLlIe HopmuposatHoit. ITo FOCT 13605—75 HOpMiH-
pyemasi pasHOCTb He JO/KHA npesuiars 1/2 OCHOBHOH TIOTPELIHOCTH.
Fpu 3KCHOHEHIMAABHOM Xapakrepe yCTaHOBNEHUS TPOLECC CHHTACTCH
YCTAHOBHMBIIIHMCS! CITYCTs1 BpeMs, pastoe (5—F6) T, rAe T — nocTosiHyast
BpeMeHH.

CylnecTByeT eile psiji apaMerpos, XapaKTepH3YIOIHX KayecTBo BaTI-
METpOB: YCTOHYHBOCTb K TNeperpyskam, cTeneHb SKPAHHPOBKH, BpEMs
Ge3orkasHoii paboTe, rabapuTHEE pa3MepHl,-Macca u Ip.

B neasx obecrieyeHusi €IHHCTBA H3MepeHHil MOlHOCTH Kaaccupuka-
LHsi, MepeyeHb NapaMmerpoB BAaTTMETPOB H NPUEMHBIX npeoGpasosareei
K HUM, HOPMHI HA HX OCHOBHBIC TEXHHUECKHE XapaKTepUCTHKH, METOZbI HC-
NLTAHKE H3JO0XEHH B JEACTBYIOWHX CTaHlapTaX [10—15].

1.2. OCHOBHBIE Y3/1bl BATTMETPOB

OCHOBHEIMH y3/1aMH J11000ro BaTTMeTpa siBIsioTCsl npueMHHE (nep-
( WM KOMILICKT npeoGpasopa-

- BHYHBIH) H3MepHTENbHbIH 11peo6pa3oBaresib
Tesieil) H H3MepHTeNBHEL GJIOK, BKIoyatowuil B ceGsi H3MePHTEBHOE H OT-
cuetnoe yerpoiicrsa (puc. 1.4, 1.5).

| | Omcvemnoe
yermpoucmbo

7 o

1 L Hsmepurr
np;oﬁpdjﬂidmwlb ycmpodembo

Pepy -«

Puc. 14. C1pyxTypHas cxema BaTTMETpa norJIoLaeMOA MOLLHOCTI.

B npuemioM npeoGpasosatesie SHEPrHs

TNpuemuuiii npecGpasosatelh.
31eKTPOMarHATHHX CBY koneGauuii npeobpasyercsi B TeNIOBYIo, MeXa-
HHUeCKY!O HEpPrHIO HIH B 3JIeKTpHUECKUI CHIHAT, nocTynibil 11 Aane-

Heilero 1peoGpasoBaHUs U H3MEPCHHA HH3KOYaCTOTHHIMH yCTPOHCTBaMH.
B sartmerpax CBY npHMeHSIOT caefyolye BUIK npeoGpasosareneii:
 renoBLE— KanOPHMETPHYECKHE (B TOM YHCIE CYXHE KaJIOpHMET-

pH), GonomMeTpHUECKHE ( TepMHCTODHHE), TepMO3JIEKTPHYECKHE H JP.;

— NOHEPOMOTOPHEIE;
— 3/IGKTPOHHBIE — JIETEKTOp

BLIX IMOLaX, rasopaspsHee, Ha

sdxpekra Xoana U Ip-;
— (eppHTOBHE, HCIOJB3YIOUHE adekr (eppOMarHUTHOrO  pe3o-
pasoBaTesii [OJHOCTBIO onpeneasior BXOIHOE CO-

HaHca.
TIpuemubie 1peod)

Y u cremeHb €ro COrIacoBaHHs € BOJTHOBHIM

ro Tpakra. TIpH 3TOM pa3iHyaior B rpyrnel

Hele Ha BaKYyMHBIX M 1OJyNPOBOJIHHKO-
ocnoBe 3xpeKTa «rOpSYUX» HOCHTENed,

pOTHB/AGHHE BAaTTMETPA CB
CONpOTHB/IEHHEM Nepe/ialoie
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HEMHBbI Tesefi: E
:;Eﬁ (;{;}Cx ?;ﬁoipasosa eu.unpeoépasoaarenn BarTMETPOB MOIJOLI@e-
uol (P 3 T. npoxofisuniet (puc. 1.5) mowpoctu. IMpuHuHNHAIBEHOE
ke 3 HX FPYMI 3aK/IIOYAETC B TOM, YTO IIPHEMHHE MpeoGpasoBa-
Tena " Bmpggomxac;lyqae pacceuBaior Bcio nozasoaumyo CBU moigHocTs
s NpaBuO, NOTPeO/IsIOT He3HAyH -

3 TeJ

HOCTH, MPOXOAfALIEH B Harpysky. privio HACTh Motk

4
Himep n6HOe omc
iy +— THoe

T

P .
LA I_H_‘ﬂepedamu;uu mpakm) 0y K waepyske

npu H+H

npeobpazobamenem
z 7
P L; sobamens yempodicmio —ycu IMHOE
i =
oBY N 11 K Haepysxe
i u 1

Puc. 15.
1.5. TunoBEIE CTPYRTYDHBIE CXEMbl BATTMETPOB NPOXOASUIEH MOLIHOCTH

Coor
COBaHHleH?{I:l?;{;;K;Ae)I?HB)&/ MOILHOCTBIO, OTJaBaeMOH HCTOYHHKOM B COIVIa
S OI{HOCTBIO, PacCceUBaeMO# €00 .
cosan , MO B NPHEMHO -
‘€Jle BaTTMETPa MOTJIOIIAIOIIEr0 THIIA, MOXKET GbiTh gupamg{c? ?{ax pe
Py I-TeTuf?
Ky 1—|Tg[?
rae I, I'; — xomnaekcn
bIC 3HAYEHHsT KO3(pH
parogla H NMPHEMHOTO npeoGpasoBaresnst HHcHToR oTpaxetn rete
3 ypa .
poritn M}g;:u :gﬁf:ﬂxgggémin;égfr’ YTO IJIsl MOBHIIECHHSI TOYHOCTH H3Me
5 bl OTPAXKEHHsl 1 €00 )
per HEMHEIX
e;é f,‘ﬁﬂ“” 6LITE  MMHHMAJbHEIMH. B HE&HBHEM'CJI}I'qa: % 2 %3053-
- npp.lg;q:u};eonliggouﬂoaen, CO371aBaCMEIX qync’rsmenbx{bm;;;ne'm
o et Tom{npe pasoBaTe/iell BATTMETPOB NMPOXOASILETO THNIA H o
Kpo'zvxe Bam{ggfnmmepelmn 6Gonee nonpo6Ho GyzeT nokasaHo B Hg-
X METPOJIOTHUECKHX X ra
. apaKTEePHCTHK (K
ngeotﬁggggggﬂmé :anu kos(ppunHenTa s¢dexTHBHOCTH, KéB(;sq)r?;)Hpg;f:T o
npeoG: (MﬂTen@JIOMg’?gl':i]eagsg;?Tc;{ TaKXe rnpe/eibHOR namep;xemoﬁ Mo?le
H TEPMHCTO, !
it PHEIX mpeoGpas —
MaJbHLIM M MHHMMAJBHBIM 3HAaYeHHEM MOHLIEOCT]E c()nf:;z:{(;ﬂ *))
A7),

P coran =

’ (1.9)

* Tloa Mol
Hi
"ePeuenaorg 1'01:: g;:(ngﬁcnemeunn TIOHHMAKOT MOLIHOCTL INOCTOSHHOTO
PoOli comporuneaenne quCTB‘;laTCTOTH, NOABOJHMYIO K mNpeoGpa3oBaTenio, ;g:a or
Te eJIbHOFO 3JIeM s KOTO-
PMHCTOPa) CTaHOBHTCS PaBHEM pa6oyeMy. eHTa npeobpasoBartens (6oJioMeTpa HJH
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JMHAMMYECKHM JIHATIa30HOM, CTENeHbIO THHEHHOCTH, YCTORYHBOCTBIO K I1e-
perpyskam H T. A.

UamepurensHoe ycrpoiicTeo. Kak npasuio, oHO BKiIOYaer ysibl H
6110KH, 1peoGpasyrolyie BLHXOAHOH CHTHAN MPHEMHOTO npeoGpa3oBaTens
B CHIHaJ, yJIOGHHE I/isi HHIHKALHH H TIO/3YH Ha OTCYETHOE YCTPOHCTBO,
KaquGpaTop (npH HeOOXOIMMOCTH) H IDYIHE BCIIOMOraleJbHEE Y3Jbl-
B 3aBHCHMOCTH OT THMa PHEMHOTO npeoGpasoBaTesl H3MEpHTeIbHLIM yCT-
POICTBOM MOMKET CIY2KHTB CaM0GanaHCHDYIOLHACH MOCT HIH MOCT C pyu-
Hoii GanancupoBKoi ( Anst GOMOMETPHYECKMX M TEPMHCTODHEIX BaTTMET-
POB), YCHJIMTE]b TOCTOSHHOTO WJTH NEPEMEHHOrO TOKA, HMNY/IbCHbIH yCH-
JIMTeNIb, MEXaHHUECKas H3MEpHTe/IbHasi CUCTeMa H T. A. .

OcHoBHule TpeGoBaHusl, NMPENBABISAEMbe K H3MCPUTEbHOMY yCTPOH-
cTBY:

-~ MOCTOSIHCTBO KO3(HUMeHTa nepefayd B paboyHX yCIOBHAX SK-
cruyatauuu ( AMHefHasi AMIVIHTYIHAs XapaKTepHCTHKa);

— Manasi HHepIHOHHOCTE; )

— Manag HecTaGHIBHOCTH TOKA3aHuil (B TOM uMcne Jpefd Hyus);

— ynoGHoe H (K1H) aBTOMATH3HPOBAHHOE YMpABJICHHE.

OTcYeTHOE YCTPOHCTBO HHAHIMPYET MOLIHOCTB, pacceuBaeMylo mpe-
o6pasopaTesieM, B aHAJOTOBOH MM LHM(POBOH topme. O6LIYHO OTCYETHOE
YCTpOFCTBO COBMEIIAIOT C H3MEPHTEIbHBIM.

1.3. KNACCHUDBUKALMA BATTMETPOB [10]

B 3aBHCHMOCTH OT LEEBOr0 Ha3HAueHHsl H croco6a BKIIOUEHHS B re-
penammuii TPAKT PasNHUAIOT B¢ OCHOBHBIC [PYTMLl BATTMETPOB: .

— npoxoisimeli MoIUHOCTH (YCIOBHOE — 0CO3HAYEHHEe M2- ..%),

— norsomaemoll MOLIHOCTH (yc/loBHoe oGo3Hayenwe M3-...).

Kpome TOro HX AE/IAT:

— 10 BHAY HCHOJB3YeMHX TNEPBHYHBIX H3MEDHTENBHBIX NMpeoCpaso-
paTeneil Ha TeIVIOBbie (KaJlOPUMETPHYECKHE, TepPMO3IJEKTPHYECKHEe, Tep-
MHCTOPHHE H GO/IOMETPHUECKHE), TOHJCPOMOTOPHEIE, S/IEKTPOHHEIC (IHOL-
Hue, Ha 3¢dekTe Xoana u ap.), peppuTOBHE H Ip-;

— 1O XapakTepy HM3MepsieMOHl MOUHOCTH Ha BATTMETPH CpEAHero
3HAYCHMS MOIIHOCTH HENPEPHBHEIX H (HJH) MMIYJbCHO-MOLY/IHPOBAHHBIX
CHIHA/IOB, HMITYJIBCHOH MOIIHOCTH (MOLULHOCTH B uMmyabce);

— 10 ypOBHIO CPEIHHX 3HAu€HHH M3MEDSEMLIX MOUIHOCTEH Ha BaTT-
MeTpsl MasIo# MolHocTH ( 1o 10 MBT), cpenueit moiuHocTH (cBbitue 10 MBT
o 10 Br), Gosboit mowsocry (cuiue 10 Bt go 10 kBr);

__ 1o TouHoCTH Ha Kaaccw 1,0; 1,5; 2,5; 4,0; 6,0; 10,0; 15,0; 25,0;

— no tuny CBY Tpakra Ha KOaKkCHa/JbHbE H BOJHOBOJHLIE.

rOCT 13605—75 mOmycKaeT OTHOCHTD LIHPOKOJHanasoHHLe H MHOTO-
npefe/bHLE BATTMETPH K Pas/MUHBIM KJACCaM TOYHOCTH Ha Das/HUHBIX
yuacTKax IManasoHa YacTOT H MPH pas/HYHAIX NpefieaXx H3MEPEHHH.

* Kaxaomy npu6opy ocHOBHOM rpynisl B npollecce ero pa3paGoTKH NpHCBaH-
BalOT OyYepeAHOH HOMEp.
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Fnasa 2

METOZb! U NPUBOPBI ANA USMEPEHMS NOTNIOLLAEMOWH
MOLUHOCTHU

HMsmepenne rmorsomaeMoi MOIHOCTH siBJsieTcsl HauGosee pacrnpoct-
pateHHeM Buziom usmepenust CBU Mowmoctu. IMpuemHbie npeoGpasosa-
Te/H BaTTMETPOB [OIJIOIIAEMOH MOIUHOCTH, SIBJSIIOUIMECS 3KBUBAJEHTOM
COFJIACOBAHHOM HAarpy3KM, BKJIIOYAIOT Ha KOHLE nepefaoineit suHuu. B 3a-
BHCHUMOCTH OT BH/a MPUMEHSEMbIX NMPeoGpasoBaTe/ell pasiHyaior clenyio-
LIHE METOJL! H3MEPEHMii: TenyoBble (KaJOPHMETPHUYECKHH, GosoMeTpHye-
CKuil, TEPMOIIEKTPHUECKHH); METOl BOJIBTMETPA; METOJl C HCTIO/Nb30BAHHEM
YaCTOTHO-H3GHPATENIBHEIX (PEPPUTOBLIX 3/IEMEHTOB.

2.1. TENNOBLIE METOAbI. OBLUME CBEAEHUSA

TennoBbie MeTOREl OCHOBaHbI Ha npeoGpasoBanuu swepruun CBU
B TEIVIOBYIO C TMOC/EAYIOLHM H3MEPEHHEM NPHPAILCHHS TeMnepaTyps pabo-
yero Teaa, B KOTOPOM MPOHMCXOIMT NpeoOpa3oBaHHE, HIM BEJIHYHHEL 3aMe-
LiaroIleH MOLIHOCTH HU3KOM YaCTOTH MM MOCTOSHHOIO TOKA, BHISHIBAMOILEH
SKBHBaJICHTHOE NpHpaileHHe TeMneparypsl pabouero Tena. B ocHoBe me-
TOJa JIEXHT ypaBHeHHE

Py, = Q. = c.Olt, @1

£ae Q. — KoaMyecTBo 1emiorhl, JIXK; €, — TenIoeMKocTs paboyero Teya,
ILx/°C; © — npupawenne Temneparypu pabouero Teaa, °C; f—
Bpems, C.

BO3MOXHOCTE KaTHOPOBKH TEMJIOBHIX MPUGOPOB Ha NOCTOSIHHOM TOKE
cnoco6eTByer IOCTHXEHHIO BEICOKO# TOUHOCTH M3Mepenusi CBU moimocTH.
Ipu koHcTpynpoBaHuK TemoBuiX mpuGopos ocoboe BHUMAHHe 0GpAIIAOT
Ha BpeMsl yCTaHOBJIEHHS TIOKa3aHMii, KOTOPOE B OCHOBHOM OINpENENSETCs
TeIUIOBOA HHEPLHOHHOCTBIO 3/]EMEHTOB CHCTeMbl. Bpemsi ycTaHOBiCHHS
TEILIOBOrO PABHOBECHSI CHCTEMbl TPONOPLHOHAIBHO MPOU3BEJCHHIO TEMJ10-
€MKOCTH paGouero TeJla Ha TEIUIOBOE COTIPOTHBJICHHE MEXKAY HUM M CPENofi.
CuenoBatenblo, yMEHBIIATH BPEMsI YCTAHOBICHHS MOKASAHHH MOMXHO
YMeHbluas 06a BAMSIIOILMX (haKTOpa.

YMeHBIIATD BPEMsl YCTAHOBJICHHS! [I0Ka3aHWii MOXHO TAKXE MpHME-
Hsisl METOL 3amelleHMsi. MeTOJl 3aMellleHHsi OCHOBAH Ha [OMyILEHMH, YTO
3amernaias MoIHOCTL M MoiHocTb CBY cos3natoT ofMHaKOBLIH TemIoBof
et B pabouem Tene. Iepen usmeperuem paGoyee Te10 MpeaBapUTEIBHO
PasorpeBaioT NoCTOSIHHLIM (repeMEeHHHIM) TOKOM JI0 ONpeleIeHHOTO TerIo-
Boro cocrosinusi. Ilocne mojaun CBU curHana MOILIHOCTH MOCTOSIHHOTG
(nepeMeHHOr0) TOKA YMEHBIIAIOT Ha TaKyrmo BEJTHYHHY, 4TOOGH TEILIOBOE
€ocTosiHHe paGoyero Tesla OCTAJI0Ch Hen3MeHHwM. IIpH 3ToM mpupaluenue
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MOIIHOCTH NOCTOSIHHOrO (nepeMeHHOro) TOKa, MOJYyYHBIleE HasBaHHe 3a-
Meinarieil, NPHHIMAloT paBHLIM H3MepsieMoi MoitHocTH. Takum o6pasom,
npH 3aMElEHHH CyMMapHasi MOIUHOCTb, MOABOAMMAs K paboueMy Teay HO
HayaJa M3MepeHHH H npH U3MEPEHHH, OCTaercsi HeusMeHHoH. 310 o6yc-
JIOBJIMBAeT HEH3MECHHOCTH TEMNEpaTypsl pabouero Teja, a clefoBaresb-
HO, U HCKJIOYaeT B NEpPBOM MNPHOIHXKEHHH 3aBHCHMOCTH BpPEMEHH H3Me-
peHHsI OT TEl/IOBBIX XapaKTepPHCTHK paGouero Tena.

MeTon 3aMelleHHs1 IIMPOKO NPHMEHSIOT B TEDMHCTOPHBIX H KaJOpH-
MeTpHYECKHX BaTTMeTpax. OGHUHO MpoLece 3aMelieHHs! aBTOMaTH3HPOBaH.,

2.2, KANNOPUMETPUYECKUI METOZ,

IMpumenelne KanopHUMeTpHYECKOro MeTofa Ans usmepenus CBY mou-

HOCTH fIBJISieTCS YAaCTHHIM CJyYaeM €ro MCro/ib30BaHHs B 061acTH (H3H-
yecknx uccaenosanui [1, 2]. Illupokoe npHMeHeHHe 3TOTO METOJa ONpaB-
JIaHO MPOCTOTOH NpeBpalleHHsi SHEPTHH 3JEKTPHYECKOTO TOKA B TEILIOTY.
YerpoiictBo KanopuMerpuyeckix BartmerpoB CBU Becbma pasHooGpasHo
H OnpeJleNsieTcsi B OCHOBHOM YPOBHEM MOILHOCTH, JHAamasoHOM YacToT H
TpeGyeMoit TOYHOCTBIO.

Bce KanopUMETPEI MOXHO pa3fenuTh Ha Be GObIIHe PPYEL. 370 Ka-
JIOPHMETPH ¢ MEPEeMeHHOl TeMnepaTypoH, B KOTODEIX MOLIHOCTH Ofpe-
IIeJIAETCS 1O H3MEHEHHIO TeMNepaTypsl paboyero Tesla KaJopHMETpa, U Ka-
JIOPHMETPH € TOCTOSIHHOH Temrepatypoii. TernsoBeie MPOLECCH, MPOHC-
XOASIME B KaJOPHMETDPE, B 3aBHCHMOCTH OT 0GOJIOYKH KalOpHMETpa MO-
IyT HOCHTB afiabaTuyecKuil W1 H30TepMuYecKuil Xapaktep. Jl1s1 kanopu-
METPHYECKOTO Tesla ¢ HeHICATBHOMN H30/sAIHel ypaBHEHHE TerIOBOro Pas-
HOBECHs1 HMeeT BHJ
2.2

rie P — MommOCTe, paccenBaemasi B paGoyeM Teae; d@/dt — cxopocrb
H3MeHeHHs1 TeMmepaTyphl paGouero Tena; © — pasHocTb Temneparyp pa-
Goyero TeJa M OKpYXKamowe# cpefb; R, — TenioBoe COmpOTHBJIEHHE
Mexy paGouMM TEJOM H OKpYKatolel CPesloi.

O61gee pellieHHe ypaBHeHHs (2.2) 3anuiueM Kak -

=Ry P[1—exp(—t/Runa Ce)l, (23)
BpeMEHH KaJOpHMETPHYeCKOoi

P = ¢ dO/dt + ©/Ryns

Fie RppnCp — TEnJIOBasi NOCTOSHHAs
CHCTEMBbl.
TIpH MIeanbHON TennOM30AsMH paboyero Teaa ypasHenue (2.2) ym-
poLIAeTCS:
P = ¢, dO/dt. 2.9

Peienue ypasHeHus (2.4) naet JHHefHYIO0 3aBHCHMOCTb TEMIIEPATYpEl pa-
6ouero Tea or BpemerH ( puc. 2.1), ecin P = const, ¢,o = const.

Ilpx KOHeYHOM, HO NOCTAaTOYHO GOJBILOM 3HAYCHHH TEMIOBOTO CO-
NPOTHR/ICHHST CKOPOCTb M3MEHeHHsl TEMIeparypsl B HaYalbHLIH MEpHOX
NPaKTHYECKH TaKasl Xe, KaK MpH R gy = 00, a 3aTeM YMEHBIIACTCS H NpU
t > RypaCp CTPEMUTCS K HYJIO. Ilpu Manpix 3HauEHHAX R run BpeMs

n

yCTaHOBJIEHHS TeMNepaTyphl yMeHbLIaeTcs, HO O/HOBPEMEHHO YMeHLla-
eTCsl H CTeNeHb pasorpesa paGoyero Tesa.

Ha npakTHke NPHMEHSIOT YCTPOHACTBA KaK C GOJBLIMM, TaK H C MAJbIM
3HaYeHHeM R.p;. B mepBom cnyuae BelnunHy H3MepsieMOH MOIHOCTH
ONPEASJSIOT HCXO/ISl U3 CKOPOCTH H3MEHEHMs TeMrepatTyps pa6oyero tesa
dO/df B MOMEHT MOjiayH MOLIHOCTH, a BO BTOPOM — M0 Pa3HOCTH TeMmnepa-
Typ © B yCTAaHOBUBLIEMCS DEXHMe.

2.2.1. Kanogf Pul € Nep ¥ Temneparypos

K 310ii rpynne npuGopoB OTHOCATCS KaK CTATHYECKHE, TAK M NPOTOY-
Hble KalOpUMETpHuYeCkHe BaTTMeTpel. B crarhmyecknx mpuGopax paGouee
TeJI0 IpHeMHoro npeobpasosaredisi, rae sneprusi CBU xoneGauuit npespa-
IaeTcs B TENVIOBYIO, HEMOABHXHO H B MpOLEcce H3MepeHHsi He M3MEHseT
¢opMbl H (PH3HYECKHX CBOHCTB.

I
4 Rrm3 tgl" \ Zfocl’
P4 0,
2 NN\
y i “\
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Puc. 2.1. 3aBHCHMOCTb TeMnepa-

TYpHl paGotero Tella OT BPeMeHH

TIPH Pa3/IHIHBIX 3HAYEHHSIX TEMJIo-
BOTO COTIPOTHBJIEHHS].

Puc. 2.2. 3aBHCHMOCTb TaHTeHCa yria RH-
3JIEKTPUYECKHX II0Teph RHCTHIIHPOBAHHOK
BOAH OT YacTOThHL.

B npoTouHLIX KanoOpHMETpax COLEPKHTCH KHAKOCTb, HIPAIOLasi
PONb nepeHocyYHKa Tensia oT paboyero Tena BO BHEWHIOW cpeny. Ecin ans
ITHX [eJell HCTOMB3YIOT AMCTH/THPOBAHHYIO BONY MUIM DACTBODH Ha ee
OCHOBe, TO B CHJIY €¢ GOJbLIOH MOIJIOWAKIIEH CrOCOGHOCTH Ha YacTOTax
ceenue 500 Ml (tg6 > 0,01, puc. 2.2) OHa MOXET OHOBPEMEHHO BHNOJ-
HATe posb 06beMHOrO moryoTHTenst Molocty CBY B npueMHEIX npeo6-
pasosarensix (KaJOPHMETPHUCCKHX HATDPY3KaX) H SIBJSIETCS, TAKHM 0Gpa-
30M, paGoyHM TEI0M KalOpHMeTpa.

PaGoyum 1e10M L7151 CTATHUECKHX KaJOPHMETPOB MOXKET CYKHTH KaK
BOJla, Tak U TBepAHE OCBEMHLIE H M/IEHOYHHE MOIIOTHTENH. B ciyuae nc-
TNO/B30BaHHUS TBEPAbIX MATEPHATOB NPHOOPE! HA3HBAKT «CYXHMH» KAJIOPH-
MeTpamu. I1pH BHICOKOI cTeneHH TenyloBoii H30MsILHY KalOpHMe TP HIECKOTO
Tela BelMYHHYy U3MEPSEMOl MOIIHOCTH ONPEJEJSIOT YMHOXAs H3BECTHOE
3HayeHHe TENJIOEMKOCTH paboyero Tesa Ha CKOPOCTh U3MEHEHHS ero TeM-
heparypu no ¢opmyne (2.4). B ¢opmyny mnoacrapasior 3HayeHHs TEmIO-
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EMKOCTH B Juk0y/1siX Ha rpapyc Leascusa. Eciu TenioeMKOCTE BupaeHa
B Kanopusix Ha rpaayc Llenbcus, To cripaBe/iIiBO BhIpaXKeHHe

Pcpy = 4,18 c,.dO/dt. (2.5)

PaccMorpuM mpocTeiiuyio MOIENs CTaTHYECKOrO KaJOpHMETpa C Ter-
JIOH30/IHpOBaHHOH Harpyskoit (puc. 2.3) [3]. IpuGop npeacrapisier coGoi
cocyn Jlproapa, HanoJHeHHw# Bofofi. B cocys nomeinel koker BOJIHOBOAA,
3aKPHITH HAKIOHHOH CTEKJISHHOH CTEHKOIl,
OT/IeJIEHHOH TEI/IOU30/SITOPOM OT HCTOYHHKA
CBY momgiocts. TlpH mozBenieHHH MOLIHOCTH
Pcpy B TeYEHHE BpEMEHH { U3MEPSIIOT MOBIILe-
HHE TEeMIepaTypbl BOAH H B pe3yJbrare Om-
penestioT CKOPOCTh U3MeHEHHs ee TeMmepary-
pH, T. €. dO/dt.

Puc. 2.3. ¥npouieHHas KOHCTPYKIHSA CTATHYECKOTO Ka-
JiopuMeTpa:
1 — cocyn Ibwapa; 2 — TepMoMeTp; 3 — BOASHASA HarpyskKa;
4 — nuHus mepenaul; 5 — CTEKJNsHHaf CTeHKa; 6 — JonaTod-
KH LJIA NepeMeluliBaHuA BOABI.
.

Tlpu manoit TenI0BO# H30MALMH B CTaTHYECKHX KaJOPHMETPaxX H3Me-
pSIOT mpHpaleHHe TeMIepaTyphl pafoyero Tena B yCTAHOBHMBIUEMCS pe-
HMe, a H3MePAEMYH MOLHOCTE PACCYHTHIBAIOT MO (opMy.ie

Pcey = k.0, (2.6)

rae k, — KO3(UUHEHT, ONMpEleNsOME KOJAHYECTBO Temsa, nepeaa-
BAEMOTO OKPYXKAIOIIEH cpeje B €HHUIly BPEMEHH TIDH Mepenaje Temnepa-

typ B 1°C (Ix/c-rpan). .

o Bewod

tz —_—

Bodst
Peay |HI Npuemnsld ] H3mepumens Pezy namo Bxod
> i D ) = da Bodsr pacxoda /Igﬁbl -
Bodsr

t

Puc. 2. 4. CtpyxrypHas cxeMa NPOTOYHOTO KaJOPHMETPA.

Teopernueckuii pacueT ko3dxpuieHTa £, OYEHpb CJIOKEH, N03TCMy Ha
NpaKTHKE €ro ONPELeJsior JKCIEPHMENTABHO NPH KATHODOBKE CTaTHye-
CKHX KaJOPHMETPOB C [OMOIIBIO 06pasioBLX NpHGOpoB (HarpuMep, npo-
TOYHBIX KaJOPHMETPOB) HJIH Ha TOCTOSIHHOM TOKE.

B mnpoTouHex KanopHmerpax (puc. 2.4) mpouecc H3MepeHHus CBY
MOILHOCTH CBOAMTCSI K H3MEDEHHIO MpPHPAILEHHs TeMnepaTypn padouero
fesla B yCTAHOBHBIIEMCH PEXHME H DPacXOlia UMPKYJIHPYHOIIEi XKHKOCTH
(B JIHTEpaType NPOTOYHHE KAJOPHMETPE HHOIA HA3hIBAIOT IMPKYJIAIHON-
HuiMu). [lpHpaineHue TeMreparyphl KHIKOCTH ONpENENfIoT € MOMOIIbIO
TepMOMETPOB, TepMOIIap, a ee PEryJIHpYeMblil PacX0fl— PaCcX0/IoMEPOM.

Ecau npuusrs, 4yto Best CBY MOIINOCTD NOMHOCTBIO PACXOLYETCS Ha
pasorpeB BOAH, a YAEIbHAA TENIOEMKOCTb BOJb H € PacXOji NOCTOSHHEL,
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TO H3MEPFAEMYIO MOILHOCTh B YCTAHOBHBLLEMCS PEXHME MOXKHO OTPENEIUTh
COIVIACHO BBIPAXKEHHIO

Pegy = cpyy :d,0, @n

TI€ Cpeyy — YIeNbHasi TennoeMkoctb Bombl, JUK/kr-°C; g, — pacxon
BOAH, M%/c; d, — MAOTHOCTH BOIH, KI/M3; © — PasHOCTL TeMmreparyp
BOJIb Ha BXOJIE M BEIXO/le IPHeMHoro npeo6pasoBarest, ° C.

B 3aBHCHMOCTH OT JHanasoHa YacTOT M CTENEHH COTJIACOBAHHS C [ie-
peflalonM TPAaKTOM MpHEMHbE MpeoGpasoBaTeaH (KaJOpHMeTpHUECKHE

Beixod  oxnawdarwyed
7 wudrocrmu 7 2

Boixod Boder

Bxod oxnawdarowyel

a MKUGKOCTIY Bxod Bodsr 6

Bxod bo0sr  Bsixod boder

PCB‘J

Puc. 2.5. Ynpoulennbie KOHCTPYKILIE KallOPHMETPHUECKHX HATPY30K:
@) ! —xopnye, 2— BHyTpeHHuii npomoguuk, 3 — CBY peancrop, 4 — nal
3 . L] . TpapJsoman  Tpy6xa;
6) 1 — KOPNYC; 2 — BHYTpeHHuil NPOBOXHHK; 8) I — KOPNYC; 2 — YIUIOTHHTENLHBIN KIHH; g)y 1 id
Kopnyc: 2 — ynJoTHAKULasA cTeHKa; J) [ — Kopayc, 2 — CTeKJsiHHas TpyGKa. ’

-

HAarpysKH) MPOTOYHHLIX KAaJOPHMETPOB HMEIOT Da3iHYHHE KOHCTPYKIHMH
(puc. 2.5, a, 6 51 KOaKCHANBHLIX, PHC. 2.5 6 — @ — A/IS BOJHOBOAHBIX
BarrmeTpoB). Ilpuemuuii npeoGpasoBatenb KOaKCHAIBHOrO THNA Tpefi-
CTapisier MO0  T/IEHOMHEI — DESHCTOP LMTMHADHYECKOTO  THMa
(puc. 2.5, @), 3aKIOuEHHH B METa/JIHYCCKHIL 3KpaH 3KCHOHEeHIHaNLHOMH
(opMEI, OMbIBaEMOF BOLOH WM APYTOH KHAKOCTBIO (sanpumep, KpemHuii-
OpraHuyecko#), 160 o6bEMHYI0 HArpysKy, y KOTOpOfi YacThb KOaKCHala
3ano/HeHa XHAKOCTBIO (pHC. 2.5, 0). BonHOBOAHHE mpHemine npeobpa-
30Bare/H, KaK [PaBHJIO, NMPEICTABASIOT KaJOPUMETPHUECKHE COIJIACOBaH-
Hble Harpy3kH o0BEMHOrO THIA.

Craruyeckne u npSTOUREIE KAJOPUMETRLI. B_DACCMOTPEHHOM BHzE OG-
JIaJIAI0T CYINECTBEHHBLIMH SKCIIAyaTalHOHHEIMH ;{e‘sgoéj;'gmamn, H T03TOMY

P :
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MOYTH fie HAXOAAT MpaKTHUeCKOro mpumeHeHusi. Mx ocHoBubie Henocrat-
KH: HEBHICOKASl UYBCTBHTENBHOCTE; GOJIBIIOE BpeMsi H3MEDEHHI; OTCyTCT-
BHE NPSMOTO OTCYeTa; HaJMyue HeywuTeBaemuX notepsr CBY moiuHocTH
B CHCTEME M Ha H3jlyueHHe; HEeyuHTHIBAeMbiit HArpeB XHIKOCTH H3-3a Tpe-
HHsi; HEYYHTHIBAEMOE M3MeHeHHe TEIIOEMKOCTH CHCTEMhl B MPOLECCe Ha-
rpesa. Paccmorpum HekoTophie €noco6bl yCTpaHeHHst STHX HEJIOCTAaTKOB.
JInsi HenocpenCTBEeHHOro M3MepeHHs! MaluX DasHOCTeH TeMmeparyp
U MOBHILEHHST YYBCTBHTEJIBHOCTH B NPOTOYHHIX KaJIOPHMETPaX MPHMEHSIIOT
Garapeu (610KH) nudbepeHHaIBHEX TepMonap (puC. 2.6), BEIXOJl KOTOPHIX
HEMoCPe/ICTBEHHO HJIH Yepe3 YCHIHTeIb NOCTOSIHHOrO TOKa COEIMHEH C OT-
CYETHHIM YCTPOHCTBOM. TepMOnapnl COENMHSIOT [OCJEN0BaTeNBHO Tak,
YTO HX ¢XOJIOJHBIE» CTIAH OMBLIBAIOTCS BXONHBIM, @ «TOPSTYHE» — BEIXOIHBIM
MOTOKOM BOJH (AKHAKOCTH). YUHCIO COGNHHEHHEIX TEPMOTap MOXKET JOCTH-

Koremawmar
Cepebpo P |
Peay i | — Beixod Bodsr -
—_— . ’7{’”"'”1' o ~«— Bxod Godst

@ Omcyemnoe
yempoucmbBo
-

]
Puc. 2.6. Bxuouenne 60ka TepMonap B NPOTOYHOM KaJIOPHMETpe.

raTh HeCKOJIBKHX coTeH. UyBCIBHTE/ILHOCTE TaKOTo G/I0Ka TepMOnap MOXeT
cocrabuts 0,5 B/rpazn, uro B psine ciyyaeB no3possieT oGoiTHeh Ge3 ycH-
JUTENS.

KoucipykrueHo 670K TepMonap Npencrasnsier coGofi KOHCTaHTaHO-
Bl NMPOBOJ, HAMOTAHHKIA C onpeneieHHyM waroM. losoBuHy Kaxjoro
BHTKA TOKPHBAIOT TOHKHM CJI0eM MeIH HiiH cepebpa. Ilpu stom conporhs-
JeHue cnost Meau (cepe6pa) OMKHO GhITh CYILECTBEHHO MEHBLIE COTPOTHB-
JIeHHSI KOHCTAaHTaHa BO M30exaHHe noTepH uyBcTBHTenbHOCTH. Takum oG-
pasoM, KaxJplfi BHTOK NpPEACTABJIAET coboii Tepmonapy. IToBeieHne uys-
CTBHTC/IBHOCTH H3-33 YBEJHUYEHHs YHCJa Tepmonap B G/ioke uesecooGpasto
0 TeX 1op, NMoKa OHH He GYAYT CYLIECTBEHHO BJHSATE Ha TEnoBbe Mporec-
Chl B KaJopumerpe. )

B craTHuecKHX KaJopHMerpax GJOKH TepMOmap HCrnoJb3yoTr is pe-
FHCTPALMH PasHOCTH TeMmneparyp paboueli M ONOPHOH Harpysok (puc. 2.7).
Ten/ioBasi cHMMeTpHsi paGoyeii H OTIOpPHO# HAarpy3oOK CHHXKaeT 10 MHHHMYMa
BJHSIHHE TeMrepaTypPHHX H3MEHeHHH OKDYXKarolieil cpelsl.

YT06b yMEHBIIMTE 3aBHCHMOCTE OKa3aHHi Ka/l0pHMETPHYECKHX BATT-
MeTpoB, OGYCJOB/CHHYIO HAIPEBOM KHAKOCTH 3a CueT TPEHHsl, NOTepsiMH
TeIIOTH 33 CYET TEIJIOOTJAUM BO BHELLHIO cpely, npHGOpE KaluGpyior Ha
IOCTOSIHHOM TOKE HJIHM TepeMeHHOM TOKe HH3Koi yacrorn. KammGpoeka
TaKKe TMO3BOJNSeT HCKJIIOYMTH MPOLECC M3MEPEHHS PacXoja XKHAKOCTH Y
IPOTOYHEIX KaJAOPHMETPOB, €C/TH OH HE H3MEHSCTCS 33 BPEMS H3MEDEHHs
CBY motgoctH. OfHako U NpH KaqHGPOBKE He HCK/IIOYaeTCs MOJHOCTBIO
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3aBHCHMOCTE MOKa3aHHi OT HEIHMHEHHOCTH Tepmonap (KaluGpOBKY, Kak
PaBUJIO, BEHINONHSIIOT B OAHOH H/IH HECKOJBEKHX TOYKAX IMHAMHUYECKOIO
JZuanasolia), o1 H3MeHeHHs! y/IENBHOH TETUIOEMKOCTH H IIJIOTHOCTH JKHJIKOCTH
1pH PASHLIX YPOBHSIX H3MEPSIEMO} MOLUHOCTH, A TAKXKE OT PAS/IHYHS TeM-
nepaTypHEIX noJeit npu KaJuGPOBKe H H3MEDEHHH.

Bonee Bricokyio ToyHocTh u3Mepenusi CBYU mompoctn [oJyYaror,
HCTIOJIB3YS1 METOJ CPABHEHMS, KOTOPKIi 3aK/IIOUaeTCsl B CPABHEHHH H3Me-
pseMOH BEJIHYHHE C BEHYHHOH, BOCTIPOM3BOAUMOf Mepoit [4]. Tpu u3me-
perrn CBY mMowHocTH cpaBHHMBaetcsi TeruioBoe Boaneiictene CBU MOlLL-
HOCTH, TOJaBaeMOH Ha paGouyio Harpysky (npueMHEI npeoGpasoparen)
C TEeMJIOBLIM BO3JIEHICTBHEM H3BECTHOH MOIHOCTH MOCTOSIHHOTO MJH Tepe-

Fesy
LN Paboyas
Hazpy3Ke

Onopras

Ha2PYIKE

W Omcsemtioe
'yempodemBe

Puc. 2.7. Cxema cratHiecKoro KaJlopuMerpa.

MEHHOro TOKa HW3KOH 4aCTOTHI, MOjiaBaeMoli Ha ONOPHYIO HAarpysky (Ha-
TPY3Ky CpaBHeHHs]). B npoTouHBIX KalOpHMETpax, HanpuMep, CPaBHHBAIOT
TeMrepaTyphl Ha BbixoZe paGoueli HAarpy3sKH H Harpysku cp'asnemm npH
PaBEHCTBe TEMMNEPATyp KUAKOCTH Ha BXOflax OGEHX HArpys3oK.

Merop cpaBHenHS MO3BONISET UCKIIOMHTL H3MEpeHHe pacxopia xuz-
KOCTH, pPasHOCTH TeMNepaTyp Ha BXOJE M BulXozie Harpysku. Kpome Toro
TIPH 3TOM METOJie He TPeOYeTcsi 3HaTh YIeABHYIO TeNI0EMKOCT H IIOTHOCTE
KUIKOCTH, BeJIMuMHy moteps Teruia. Ilpouecc usMepenws sakatouaercs
B OMpEJIE/IeHHU MOLIHOCTH, T0laBaeMOll Ha Harpy3Ky cpaBHenus. Cienyer
OTMETHTb, YTO HCMO/B30BAHHEM METOJla CPaBHEHHs HE YCTPAHSETCS MO-
TpelHoCTb, OOYC/IOBJCHHAST HeSKBHBAJNEHTHOCTBIO paGouelt onopHoii
Harpysok. Jlsi HCK/IIOYEHHs! 3TOTO B OGpa3uOBLIX KaJOPHMETPAax mooye-
PCAHO HCMONB3YIOT KAaXIyI0 M3 HArPY3oK B Kauectse paGoueii H ONOpHOH

PaccMorpuM GyHKUMOHANBHYIO CXeMy GLICTPOIERCTBYIOLETO npm'oq:
HOTO Ka/JOpDHMETPa C aBTOMATHYECKOH TepMOGalaHCHPOBKOH, OCHOBAHHOIO
Ha Merojie cpaBHeHus ( puc. 2.8). [TpuGop HMeeT 1Be HACHTHYHEE B TEIO-
BOM OTHOLUEHHHM Harpy3KH: pabouyio / M OmopHywo 6, oMbiBaeMble mOCe-
JIOBaTe/IbHO OJHHM TNOTOKOM HAKOCTH. Tem1oo6MmenHHK 4 obecrneuuBaet
PaseHcTBO TeMmeparyp JKHAKOCTH Ha BXOJaX o0eMX Harpy3ok. B memo-
CPEICTBeHHON GM30CTH OT paGouelt ¥ ONMOPHOK Harpyspk B Tpy6onposo-
Jlax pacrosioxeHe! OGMOTKH TePMOPE3HCTOpOB 2 u 5, obpasyiolue Bﬁecre
IC1 Pesncropamu R, u R, MOCT, NHTaeMlii OT reHepaTopa 3ByKOBO YacTOTH
o sp; 6$;cyrcmuu CBY momnocTH Ha BXonie paGoueii Harpy3Ku TeMnepa'rypzi

K TEPMOPESHCTOPOB OJMHAKOBA H MOCT cGanaHcuposaH. [1pu mo-
ICI'(l;ynnelmu CBY mommuocra moct pasGanaucupyercsi. Curran pasbanamca
CTYNaeT Ha yCU/HIeNb NEPEMEHHOrO TOKa, a 3aTeM H2 (basoBLIf JETeK-
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TOp M YCHJIHTENb TNOCTOSIHHOTO TOKa, OTKYAd 06pasyolHiics CHTHAI KOM-
MeHCcal|H I0CTYNaeT Ha Harpy3Ky cpapHeHus. 1Ipu IOCTaTOYHOM K03(hdH-
LMeHTe YCHJIEHUS CXeMbl IPHOOPA MOXKHO NMOJNYYHTE TAaKYI0 MOLIHOCTE CHI-
Hajla KOMIIeHCALlHH, KOTopasi, PacceHBasiCh Ha HarpysKe CpaBHEHHS, CO3-
JiaeT TeIioBoi pdeKT, GiM3KHE K TelIoBoMY 3(dexTy OT BO3IEHCTBHS
CBY mowHocTs Ha paGouyio Harpy3Ky. ComporuBieHusi OGMOTOK TEPMO-
Pe3HCTOPOB BHPABHHBAIOTCA M MOCTOBasi CXeMa aBTOMAaTHYECKH BO3Bpa-
[L[AeTCsl K COCTOSIHHIO, GIH3KOMY K c6aaHCHPOBaHHOMY. Takum 06pasom,

Pazobud
demexmaop

X7
@

Omcvemtoe
yempodcmbe

Puc. 2.8. CxeMa OLICTPOAEHCTBYIOLIEN0 KAJOPHMETPA € aBTOMATHYECKON TepMobGanan-
CHPOBKO#:
py3Ka); 2, 5 — TepMOUYBCTBHTENbHLE DPE3HCTOPH;
6— Harpysxa.

1 —mp # mp

ens (p
3 — macoc; 4—Tem

MOILHOCTh CHTHAJa KOMIIEHCALMH SIBJISIETCSi MOLMHOCTBIO CPaBHEHHSL. Ee
M3MepeHHe HecJIOXKHO. Biaronaps ciefsimeli cucreme paccMaTpHBaeMBli
BAaTTMeTP MMeeT Majioe BPEMsi YCTAHOBJIEHHS, KOTOpOe NpH yCTOMYUBOH
paoTe CHCTEMb! IPAKTHIECKH ONpELieJISieTCs] BpeMeHeM epeHoca Tena ot
Harpy3KH K OOMOTKe TepPMOMETPa CONPOTHBIEHHS.

CKOpOCTh NOTOKA HAKOCTH B IPOTOYHBIX KaJOPHMETPax CyIeCTBEH-
HO BJIMSeT Ha TOYHOCTh H3MepeHHii. UpesMepHble CKOPOCTH YMEHBLUAIOT
BeMHYMHY [epenajia TeMIepaTyphi, NPHBOLS K OWHOKAM IPH H3MepeHHH.
HepnocTaTouHas CKOPOCTb CO3JaeT YCJOBUS [JIsi BO3PACTAHHS TEMJIOOTAA-
uH, NPHBOAS K YBEIHYeHHIO OLIHGOK, CBS3AHHEIX C TervioobmeroM. Ipu
MaJIoil CKOPOCTH BO3MOXHO HEJIOCTATOYHOE MepeMelIHBaHHe XKHIAKOCTH H3-
3a 06pa3oBaHHs JaMHHADHEIX NOTOKOB H CBS3aHHHLIX C STHM IlepenajioB
TeMIepaTypsl B IONEPEYHOM CeueHHH TPYOKH, B KOTOpOH YCTaHaBJIHBaIOT
TepMOYYBCTBHTEJIbHEIE SJIEMEHTHI.

B Tpy6KaX NO/DXHO HOAAEPIKMBATHCA TypOyJieHTHOe TeyeHHe, NpH
KOTOPOM HHTEHCHBHO [MePEeMelHBaoTC pas/uyHbie CJIOH IBUXKYIefcs
JKUIKOCTH. JIaMHHADHOe TeueHWe [epeXofHT B TypOyJeHTHOe NpH YHCIe
20 .

Peitnonbaca R, > 2000 (m1s rnagkux TpyGok), KoTopoe A5t BOAb olipe-
JIeNISIETCS BHIPAXKEHHEM

R, = 56 0D (1 + 0,33 £ + 0,0002 £%) 10%, 2.8)

rje 0 — CKODOCTb BOJH, M/c; D — nuametp TpyOKH, M; £° — CpeHSAS TeM-
neparypa, ° C.
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Puc. 2.9. YnpouieHHEIe KOHCTPYKIHK HArpy3oK MUIA CyXHX KAJIOPHMETPOB:
@) BosHomOAMas: I — BOMHOBOA, 2 — 3KpaH, 3 — MOrMOT
83—

HTenb; 6) KoaKCHanbHasf:
— BHY

Span 6) 1 — sHewknit
p P, 4 — » 8) BosHoBoaHas: [ — pa
Harpyska, 2 — HarpysKa CpaBHeHHA; 3 — IKpaH. . pacouaz

B pesysbraTe He[IOCTATOYHOTO NEPEMELIMBAHHS KHUAKOCTb B KaJOpH-
MeTpuyeckoit Harpy3Ke MOXeT 3aKHIEThb, YTO CYLIECTBEHHO BJIHSET Ha TOu-
:;OCTB H3MepeHHii. JIOCTaTOYHO CKas3aTh, Y10 TeIVIOTa, 3aTpayeHHas Ha npe-

Pawenue B nap ToapKo 0,1% KHIKOCTH, MOTyIa 6Bl CO3[AaTh NpHpALIEH:e

21

- ..




[ ’ .

1eMnepaType HIKOCTH, Hanpumep Ha 10° C, naer morpemHocts 5,4%.
OueHb BaXHO, uTOOH B CHCTeMe MPOTOYHOTO KAaJOPHMETPA HMeJIOCh
Kakoe-THOO YCTPONCTBO JIsi yHAJleHHs] BO3JyXa M3 BOJISIHOTO IIOTOKA.
Tpy HarpeBaHHM BOJbl PaCTBOPEHHbIi B Hel Ta3 BEIIENSIETCS B BHJE MeJb-
yafiuux my3uipbkoB. [Tocrenuye, NpHIHNas K CTeHKaM TPYOKH, Hecyllei
| BO/Y, YBETHUMBAIOT CONPOTHBJIEHHE [IOTOKY H B CHCTEMeE C IOCTOSIHHBIM JaB-
! JIeHHEM H3MEHsiloT CKOPOCTh [BHKeHHs! Bosibl. PIyK1yauuH Nnotoka BOMbI
DPHMBOAST B KOHEYHOM cueTe K (MYKTyauMsm TeMIepailypel, 4TO CKa3pl~
L., Bae1Cs Ha TOUHOCTH H3MEpEHHS.

| ' B cyxux KalOpHMeTpax TEIUIO OTBOAMTCS OT Harpysk (paGouero
Tesa) B OCHOBHOM 3@ CueT TEIUIONPOBOAHOCTH KOHCTpYKimH. [peBbileHue
TeMiepaTypsl paGouero Tena usMepsier Garapes AudbepeHUHANbHBIX Tep-
Monap, «ropsiuHe» CIaH KOTOPBHIX HMEIOT TeILIOBO# KOHTaKT ¢ paGouuM Te-
JIOM, @ «XOJIOIHEIE» — C KOPIyCOM, NPOMEIKYTOUHBIM IKPAHOM HJIIH TEJIOM
cpaBHeHus (ONopHOil Harpyskoii). CyXHe KaJOpHMETPH KalTHOPYIOT, Kak
[paBHJIO, MOCTOSHHLIM TOKOM, MOJlaBaeéMBbIM JIHGO HEIIOCPeACTBEHHO Ha Ha-
rpysky (CBU pesucrop B KoaKCHAJIBHBIX NpeoGpasopatensix), JMuGo Ha
CllellHaJibHBli HarpeBaTeNb (OGMOTKY, HAMOTaHHYIO C Onpefie/leHHBIM Ila-
TOM Ha 06BeMHYI0 Harpy3Ky — B BOIHOBOIHBIX npeoGpasoparensix). Temno-
nepefaya B CyXHX KaJOPHMeTpax 3aMejVIeHHasi, ¥ B 3aBHCHMOCTH OT KOH-
CTPYKIMH H TpeGyeMOil TOUHOCTH BPEMS YCTAHOBJEHHS NOKA3aHHH MOXeET
KONeGaThCs OT eMHHIL CEKYHJ [0 AECATKOB MHHYT. YMEHbIUAIOT Bpems
| YCTaHOBJIEHHSI I0KA3aHHIl 0 HECKOJBbKHX CEKYHJ IPUMEHsIsi MeTOX CpaB-
HEHHS H CXeMbl ABTOMATHKH WISl BHPaBHHBaHHS TeMrepaTypsl paboueil

U ONOPHOI Harpy3ok.

PaGoure HarpyskH JUIfi CyXMX KaJOPHMETPOB aflajlOTHUHbl COIJIAaco-
BaHHEIM HAarpysKaM OO[MIETO NPHMeHEeHHSI ¢ TOi pasHuieH, uTo OHH o6ua-
JIA10T MaJIOl TEIIOeMKOCTBIO HarpeBaeMbiX y3/10B ( puc. 2.9). UTo6s noBH-
CHTb UYBCTBHTEJIBHOCTb, TpakT CBU Mexny BXOIHBIM pa3beMOM H IOTJIO-

' TeMuepaTypsi Beeil kuAKocTH Ha 0,564° C, uTo npH cpejHeM NpHpaILeHHH

HOCTBI0. OGBIUHO 3TO TPYOKH H3 HeprkaBefolefl CTaJM C TOJIMHON CTEHKH
20—25 MkM. JIis yMeHblIeHHs noTeps Momuoctn CBU TOKONpOBOASLIKE
CTEHKH NOKDHIBAIOT CI0EM cepeGpa HIIH 30J10Ta TOMIIHHOMR 3—5 MKM.

Ten10eMKOCTb 3KpaHa JIODKHA ObiTh 3HAUMTENBHO GoJbluelt (Ha 2—
3 [opsiKa), YeM TEITOeMKOCTb KaJOpPHMeTpHuecKoi cuctemsl. HTo6wl 3a-
IMMTHTE TPHOOP OT BJHSHHS CKAUKOB TEMNepaTypul OKpYKalolleil cpelipl,
yCTaHaBJHBAOT [ONOJHHUTEBHBI TEINIOBOH SKpaH WM BHIGHpaioT onop-
HYIO HaTPY3Ky C NOCTOSHHOI BPeMeHH, PABHOH NOCTOSIHHON BPeMéHH pa-
Goueit Harpy3ku (puc. 2.9, 6).

2.2.2, Kanop phl € noc i Temneparypo#

914 npHOOPE OTJIHYAIOTCS TEM, YTO B NPONECcce H3MEPeHHi TeMmepa-
Typa KaJlOpPHMeTPHUYECKOfi CHCTeMH! He u3MeHseTcsi. KanopuMerpsl nocro-
SIHHO# TeMnepaTypsl GblBaioT ¢ (pa30BBIM NEPEXOfiOM, KOMIEHCAUHOHHBIE

H OCHOBAHHblE Ha MeTOJie 3aMelleHHUs.
\i B kajopuMerpax ¢ ¢azoBuM nepexonom CBY sneprus, npespatennas
B TeIJIOTy, ONPefiesisSeTCst 110 KOJHYeCTBY TBEPJOTO BelleCTBa (Hanpumep,
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WAIOMMM 3JeMEeHTOM BHINOJHSIOT H3 MarepHajga € HH3KOH TeIUIONPOBOA- |

nbAa), Hepeliesiero B XXUAKOE COCTOSIHME NPH TeMIepaType cocyinecTBo-
panus $as Bemectsa {5]. Kanopumerpr ¢ $pasoBriM nepexosioM rpoMosnku
1 HeyIOOHB B 3KCIJIyaTallMH, Tak Kak TPeGyloT, 4To6bl 06ecreunBaioch
safaHHOE pacupefiesieHHe TBEPJOH (asel B "KAJOPHMETPHYECKOH CHCTeMe.

KoMneHcauuoHHeie KaJOPHMETPHl XapaKTEPH3YIOTCS TEM, UTO B HX
KaJIOPHMETPHUECKOI CHCTEMe OJIHOBPEMEHHO C OIMHAKOBOMH CKOPOCTBHIO Npo-
TeKaloT JIBa IPOLeCCa: BHJIEJIEHHST H 9KBHBAJIEHTHOTO MNOIVIOILEHHS TenJa.
K 310#f rpynmne OTHOCSITCS KaJODHMETPbl, B KOTOPHIX AJTSl KOMIIEHCAIHH
MOJOXKHTENBHOTO TeINIOBOTO 3()eKTa HCHONB3yeTcs siBjAeHHe IledbThe
[6, 7, 81, T. e. TenyIOTa MOIJIOMAETCS «XOJIONHBIMUY CASIMH TEPMONAP [IPH
MPOXOX/IEHHH Yepe3 HHUX IOCTOSHHOTO TOKA. TaKue KaJOPUMEIpH MPH Co-

¢ 5 i 10

7T 18

Rz

Puc. 2.10. CxeMa KasiopuMeTpa ¢ KoMneHcauues: .
I —zeonvopon; 2— BonMOBOAMAA HacanKa; 3 — TepMOdNEMEHT; 4 — 60K AHGGEPEHNHAIBENX
55— Ka 6 — ob HArpyska; 7 — sKpal; 8 — KoXyx; 9 —

b

3 R, Rg— p

uHaEKaTop; 10, /1 — oTueTHRIE

OTBETCTBYIOIEM BHIMOJHEHHH KAJOPHMETPHYECKOH CHCTEMB MOTYT HMeTb
BEICOKYI0 TOUHOCTb, H HAPSy C APYTHMH IPHOOPAMH HX HCIIONB3YIOT B Ka-
uecTBe OGPA3NOBBHIX M ITAJOHHBIX AJIsi MPOBEPKH M ATTECTALMH PaGOuHX
BAaTTMETPOB M NpeoGpasoBaTeleit K HUM.
Jlnsi KOMNEHCAUMOHHBIX KAOPHMETPOB OCHOBHLIM SBJISIETCS YpaB-
Herue [6] ’
Pcpy = Aplye — B ldp, (2.9

rae Ap, By — napamerpsl oxnaxpaswomero tepmosfiementa; Io,o — 3Ha-
YeHHE TOKA B LEIH OXJ1aX/AAIOLIero TepMO3JIeMeHTa.

JIOCTOHHCTBOM KaJOPHMETPOB C KOMIEHCAIHell SBJISIETCS HeHaMeH-
HOCTb 11apaMeTPOB CHCTEMBI. JTO OGYCJIOBJIEHO TeM, YTO KaJOPHMETpPHue-
CKasg cucreMa BCETAa HAaXOAMTCA MpPH TemmepaType, GIH3KOH K OKpYy-
¥aromei, ¥ N03TOMy Tena0o6MeH €O Cpefoll MHHHMaJeH. PaccMotpum
YIpOweHHYI0 CXeMy TaKOro KajopuMerpa (puc. 2.10). Ero kanopumerpu-
YeCKast CHCTeMa COCTOHT M3 OTpe3Ka BOJHOBOAA I, 1O KOTOPOMY IOZBO-
Jutcs CBY MOIIHOCTD, BOJHOBOAHOH Hacagki 2 ¢ 06beMHOM Harpy3Koi
6, TepmosnemenTa 3, «XONOLHHE» CIAH KOTOPOTO IOTJIOMAOTY TernJoTy
BhijlefisieMyl0 B Harpyske, G.0ka TepMmonap 4 /st KOHTpOJS paaHocn;
TeMnepaTypsl MeXJy CHCTeMOH H 06010uKoil. OB0/IOuKa TenyIoH30IHpOBa-
Ha ot koplyca KanopuMetpa KoxyxoM 8. Ilpu6op kamubpyior npoBe-
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| psior B mpoliecce SKCIUTyaTalli € NOMOLIBIO o6MOTKH 5, NCTOYHHKA
[IOCTOSIHHOTO TOKa, MEPEMEHHOro pesHcTopa Ry Vsl peryJupOBKU BesH-
Il uKHB TOKA B oTCueTHOro npubopa 0. Momsocrs CBY usMepsieTcst # Kajo-
pHMETp KaJIHOpYeTcs aBTOMaTHYecKH (CXeMa aBTOMATHYECKOTO ynpapijie-

HHst Ha puc. 2.10 He moxasaHa).
K KanopHMeTpam C TIOCTOSHHOH TeMINepaTypoii OTHOCAT Takike NpH-
Gopel, B KOTOPEIX paGouee TeJIO Npe/IBAPHTEINIBHO NOJOrpeBaeTcs 10 Onpe-
i

JIeIeHHOH TeMIepaTypbl MOCTOSHHEIM HIIH MePeMEHHEIM TOKOM.

TTpH MOCTYIUIEHHH M3MePseMOH MOIIHOCTH TEIJIOBOH peXHM pabouero
TeJla NOJJEPKHBAIOT HEH3MEHHBHM yMeHbluasi HauaJbHYI0 MOIIHOCTE NOJO-
rpepa. Hamepsiemas MOLHOCTE B 3TOM C/Tyuae 6yfieT paBHa H3MEHEHHIO MOLL~
HOCTH IIOJOTpeBa, T. €. PaBHa MOIGHOCTH 3aMelleHHs. KanopumeTpsi,
OCHOBaHHLle Ha MeTOie 3aMelleHHsi, 0G/ajaioT CPABHHTEJBHO BHICOKOH
TourocTbio. ONHAKO H IPH MeTOfie 3aMellleHHs] He YCTpaHseTCs morperl-
HOCTb, OOYC/IOBJEHHAsi HESKBHBANEHTHOCTBIO pPaCHpefieieHust TeIVIOThl
BJIONIb pabouero Tefia NPH NOABEJEHHH K HEMy OMHAKOBBIX MOLIHOCTE
CBU ¥ NIOCIOSIHHOTO TOKA, @ TaKXKe MOTepb B IOJABOAsLIEH JIHHHH,

B paspeMax. -

KospduimeHT 3(PeKTHBHOCTH, YUHTHIBAIOMMH HeSKBHBAJCHTHOCTH
3aMelneHus, onpenenﬂm 160 TEOPETHUECKH, nu6o 3KCNIepUMEHTAJbHO NIPH
C/IMUeHHH C 06pa3LOBBIMH MPHOOPaMH. HeskBuBaJIeHTHOCTD, KaK NPaBHIIO,

yBeTHUMBAETCSs C POCTOM YaCTOTHl H MOXeT JOCTHIaTh 1—2% Ha vacrote

37,5 I'Tu. JocTHxUMasi OrpeliHOCTb H3MePeHHs MOIHOCTH [PH HCIONS-

cocrapaser 0,3 — 0,5%.

2.23. B pHMETP ° Notp .

Il

’ |

" ‘ Vsoaamm MeTofla 3aMe[leHHs C yu4eTOM MNONPaBKH Ha HeKBHUBAJIEHTHOCTb

| TTpHHUMIHANBGHO KAJTOPHMETPHUECKHH METOJ MOXHO HpPHMEHSTH BO

BCEM CIIEKTpE YacToT 3JEKTPOMArHHTHBIX KoJe6GaHuil, BKIIOYast ONTHYECKH I
nManasoH. KaJlopuMeTpuueckne BATTMETPH HMeloT KOS(DHIHEHT nepeKphi-
THS O uacroTe He MeHee 10 115 KOaKCHAJbHBIX TPAKTOB H, KaK IPaBH-

10, He Menee 1,4 — 1,5 — ;151 BOHOBOAHBIX TPAKTOB.

KanopuMeTpuueckuit Merof nosposisier usMepsitb CBU mMomHocTh
OT COTEeH MHKPOBATT JI0 JIECSITKOB H COTEH KHJTOBATT. [{HHAMHYeCKHi uana-
30H OTfenbHHIX Ipu6opos pocturaer 30—40 1b.

TTorpemHOCTb H3MePEHHST MOXeET PHHHMATD 3HAUeHHS OT HECKOJIBKHX
JIECATHIX fOJIeit MPONeHTa A0 eNHHHI| MporeHToB. OCHOBHBIMH NPHYHHAMH,
BIHSUOUMME Ha BeJHUMHY NOrPEUHOCTH, SBJSIOTCA: HETOYHOCTh Omnpe-
iesieHUs Macchl paGouero Tesia— JUIA CTATHYECKHX KaJOPHMETPOB, pacxoaa
JKHJIKOCTH — JJI5 POTOUHEIX; HETOUHOCTh OMNpefleieHHs! TeMrnepaTypel pa-
Gouero Tea (NPH HCHONB30BAHHH METOJd CPABHEHHS| — HETOYHOCTH Pery-
CTpauMM paBeHCTBA TEIUIOBOTO PexuMa paboueii W OIOPHOi HArpysoK);
HETOYHOCTh H3MePEeHHsS] MOIHOCTH KaJHOpPOBKH, 3aMeflleHHsl, CPaBHEHH;
HEeTOUHOCTH onpefienerus 3aTyxanusg CBU MOLHOCTH B TPAKTe; HESKBH-
BaJICHTHOCTb 3aMeleHHs (CpaBHeHHMs); HeCOOTBETCTBHE MMIeaHCOB BaTT-
MeTpa M TeHepaTopa XapaKTepPHCTHYECKOMY CONPOTHBJIEHHIO JIMHHH mepe
Jlaud; H3MeHeHHe TeMIepaTyphl OKDYKalolwei cpellsl; Jpeiid.
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PaccMOTPHM  COCTABJSIIOIHE MOTPEUIHOCTH, MPHCYIIHe METOLY cpaB-
pennsi. Kak yxe GblI0 MOKa3aHO, B 3TOM CIydae He HYXKHO H3MEPSATh Mac-
cy (pacXoj XHIKOCTH) U TeMueparypy pabouero tena. ITosTomy cooTset-
CTBYIOLIHE COCTABJISIIOIHE PACCMATPUBATH He GyjeM.

1. porpemnocrb onpefielieHHsl paBeHCTBa TeMmmepatyp paGouell u
onopHo# Harpysok §;. Ilpu nocraTounoM kosddHIHEHTe YCHIEHHS yCTPOii-
CTB@ MOTPEIIHOCTE NPpeHeGPeKHMO MaJla U ee MOXKHO He yUHTHIBATH.

2. Horpeu.uiocrb H3MepeHHs1 MOILIHOCTH cpaBHeHHs §,.IIpakTnueckn
3HayeHHe JaHHOil morpewHocT cocrasasier +(0,1...0,5)% u uenukom omn-
penesifieTcs HOTPEILHOCTBIO YCTPORCTB, MPHMeHsIeMbIX JVTst H3MePeHH s MOLI-
HOCTH IIOCTOSTHHOro TOKa. IIpu HCHoNb30BaHHH NPHGOPOB BBHICOKOro
K/1acca TOUHOCTH MOrpelHoCTh MOXeT GbITh YMEHbLIEHa.

3. IMorpewHocTs, 06yc/OBIeHHas 3aTyXaHUEM MOLIHOCTH B NIEPENal0-
meM TpakTe, 8;. Yacte CBU MOIHOCTH, MOZBOAMMON K KalOPHMETDY,
fOTVIOIAEeTCs B CTeHKAaX BOJHOBONA H IIPeBPAINaeTcsl B TEIIOTY, KOTOpas
YyaCTHYHO DPacceHBaeTcsi B  OKPYMKAlOM[yI0 Cpely, -YaCTHYHO H3-3a
TEIVIONPOBOAHOCTH NEPeNaeTcst B KaJOPUMETPHUECKY0 cucTeMy. Benyunna
MOIIHOCTH, IOIJIOIIaeMOi B CTEHKaX BOJIHOBOJA, 3aBHCHT OT JJTHHE! BOJIHEL,
THNA M PasMepoB Nepejarowiero TPakTa, BUAA KoJeGaHHil B HeM, [JIHHEI
yuyacTka BOJIHOBOJl@a OT BXOJia Ipeo0pa3oBarensi A0 KaJOpHMETPHUECKOMH
CHCTEMBI, LIePOXOBATOCTEH NOBEPXHOCTH H YAENBHOH NMPOBOAMMOCTH Mare-
pHana. C yueToM 11lepoxoBaTOCTeil OBEPXHOCTH KOI(PHLMEHT 3aTyXaHHs
[23] B NpAMOYrOJIEHOM BOJIHOBOZE C BO3JYLUHBIM 3aIOTHEHHEM, B KOTOPOM -
pacnpocTpassiorcest KoleGaHusi THna Hy,, 6yzerT HMeTb BUL

_f p Y2 A4 a A2 a
o= (6_20) YIr [kma+ 'Q?kmbl_:p“l'km o (

—:—,’p) (2.10)

rJie 0 — ynelbHas 3JeKTPHYeCKasi MPOBOJAMMOCTB; | — MarHHTHasi Ipo-
HHMIaeMOCTb MaTepHaja BOJNHOBOJA; Z, — BOJHOBOE COIPOTHBJIEHHE JJIf
cBo6opHoro npoctpanctea () pofe, = 376,7304 Om); A, — AdHHA BOJ-
Hbl B BOJIHOBOJe; A — JUTHHA BOJHBl B CBOGONHOM NpOCIPaHCTBE; Ay —
KpuTHYeCKas JJHHA BOJIHEl B BOJHOBOJE; @, b — IIMPHHA H BHICOTA BO?IHO-
BOA; kyyy Rupy Py gp — KOSOOHIMEHTH, YUHTHIBAIOMME LIEPOXOBATOCTH
MOBEPXHOCTH BOJIHOBOJ@ B MOMNEPeYHOM (AJ1s1 LIHPOKOH M y3KOH CTEHOK)
H NPOJIONILHOM HampaBJeHHSIX COOTBETCTBEHHO.

KO?Q)Q)H[MEHTH ky, TpefCTaBASIOT cO6Ofl OTHOLIEHHE IJHH JEHCTBH-
TEJIBHOH U HJeaNibHOH oBepXHOCTelt. 3HaueHHe ITUX KpaG)HUHEeHTOB 6H3-
KO K e/MHHIIE Y BOJHOBOJNOB C 3JIEKTPONMOJHPOBAHHLIMH [1OBEPXHOCTIMH
WM M3rOTOBJIEHHBIX TaJIbBAHHUECKHM OCaXKJEHHeM Ha IOJHPOBaHHLIE
onpaBku. YTo6wl 3aTyxaHMe, BhluHCJIeHHoe mo dopMyJe (2.10), coorset-
CTBOBaJIO NEHCTBHTENBHOMY, B 3Ty GOPMYJy HEOGXOAHMO MOACTABHTL 3Ha-
UeHHe NIPOBOAMMOCTH JVISt JAHHOM YacTOTH. Eciu e yuecTb, uto npoBosu-
MQCTh CJ10€B, OCAX/EHHBIX 3JEKTPOJIMTHYECKH, OTIHYAETCS OT IPOBOAHM-
xOCTH MOHOJIMTHOrO MaTrepHasa, TO VISl TOUHBIX H3MEPeHHil 3aTyXaHue

YXHO OIlpefieNIfNTh IKCIePHMEHTAIBHO.
MeHHl'I%aeprocngn [POBOJMMOCTb TPAKTOB MOXKET H3MEHSTHCS BO Bpe-
- YaCTHOCTH, 3aMeyYeHO, 4TO 3aTyXaHHe B MocepeGpeHHOM BOJHOBO/E
UHTEe/IHO yBeIMYHBAETCSH TNOCJE JUTHTeNBHOrO npebuiBaHHs B aTMOCHe-
Pe, BrizpiBalolmeit KOPPO3HIO. ITO MPOHCKOAUT H3-3a TOTO, UTO NOBEPXHOCTH
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OKA3LBAETCSl NOKPHITOH CyAbduaaMu cepebpa, NPOBOAMMOCTD KOTOPBIX
HAMHOIO MeHblle MPOBOJIMMOCTH MeTaJlJIHYeCKOro cepeGpa. HaoGopor,
HeNPOBOJSILIME OKCH/HbIE IVIEHKH (B aJIIOMHHHEBbIX H MEJIHLIX BOJTHOBOJIAX)
TpeoXPaHSIOT BOMHOBO/L OT KOPPOSHH H NPAKTHYECKH He BIMAIOT Ha 3aTy-
XaHHe.

Tak KaK NOrpeliHoCTb, BLI3BaHHAs 3aTyXaHHeM, SIBJSIETCS CHCTEMa-
THUECKOT U ee 3HAK M3BECTEH, TO e MOXHO yueCThb, BHeCH NONpPaBKy B pe-
3yJIbTaT U3MepeHHs MowHocTH. [Tocsie 3TOro MorpewHocThb, o6ycJIoBJIeHHast
3aTyXaHHeM B BOJHOBOIHOM TpakTe, OyleT ONpefe/sTbCs HETOUHOCTHIO
BHECEHHOI! MONpPaBKH.

4. TlorpelHOCTh H3-3a HEIKBUBAJEHTHOCTH CpaBHEHHA §,. Hesksu-
BaJIEHTHOCTH CPABHEHHs! OGYCJIOBJeHA PA3HbIM TEINIOBBIM PEXXHMOM pa6o-
ueff ¥ ONOPHOI HArpy3oK NPH NOABEJCHHH K HUM DaBHBIX 3HayeHHH Mo1Il-
Hoctd CBY B MOMIHOCTH CpaBHEHHS! COOTBETCTBEHHO. HeskBHBaNeHTHOCTE
SBJISETCS CJAENCTBHEM KOHCTPYKTHBHOH HEMIEHTHYHOCTH Harpysok, pas-
JIMYHOTO paclpefieNleHusi TEIUIOTH BJOJb HArpysKH CBY u Harpysku
CpABHeHHs!, PA3THUHEIX 1EIVIOBEIX TOTEPb. AHANOTHYHE! IPHUHHE HEIKBH-
BaJIeHTHOCTH IIPH 3aMelleHHH.

UYTo6p yMeHBLHTE [OrPEIIHOCTh H3-33 HEIKBHBAJIEHTHOCTH, CIENyeT
BHIGHPATh PALMOHABHYIO KOHCTPYKIHIO HArPy30K, IPHMEHATE SJEMEHTHI
C MaJioii 4ACTOTHOH 3aBHCHMOCTBIO (HampHMep, IVIEHOYHBIE pesHCTopsl),
HCIIOJIb30BaTh SKPaHE!, HCK/IOUAIOIHE HEKOHTPOJHPYEMble TEMJIOBbIE II0-
tepu B cucteMe [10]. ITorpemsocts, 06yc/I0B/IeHHAs -HEIKBHBAIEHTHOCTHIO
CpABHEHHS, MOXKHO yuecTb BBOJIS MONPABKH B pe3y./IbTaT H3MEpeHHs MO
HocTH. TeopeTHueCKH PacCYHTaTh MONPABKY OUEHB CJIOKHO. Ha npakruke,
KaK yxe Gulio OTMeueHo, KosddHuHeHT 3pheKTHBHOCTH, KOTOPbIH YUHTHI-
BaeT KaK HesKBHBAJIEHTHOCTb, TAK H NOTEpH B CTeHKAaX BOJIHOBOAA, Ompe-
JIENISIIOT 3KCIIEPHMEHTAIBHO.

Jlnst 06pasloBHX KANTOPHMETPOB NONMPABKH OIpEJeSIOT PacueTHo-
3KCIEPUMEHTAIBHEIM ITyTEM. .

Ec/n BBOMMTH NONPaBKy B BHIe Ko3(dHuIHeHTa PPeKTHBHOCTH, TO
ONHO# M3 COCTABJISIIOMEH MOTPEIHOCTH BaTTMeTpa Gyner HEHCK/TIOYeHHbIH
OCTATOK MOTPELIHOCTH ero onpefienenus 6K -

5. TTorpewHoCThb, 06yCIOBJIECHHAs HeCOOTBETCTBHEM UMIEJAHCOB BaTT-
MeTpa M [eHeparopa XapaKTePHCTHYeCKOMY CONPOTHBJIEHHIO JIMHUH Tiepe-
nauH, 8,.. B o6ieM BHJe 3Ta IOrPelIHOCTL paBHa
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B JHAIa30He YacToT.
quz'\c'rﬂom ClIy4ae, KOrja reHepaTop COrfacopaH, 8y, = — |T'5|2
gocszlpamae'r OTHOCHTEJIbHOE 3HAueHHe OTPaXKEHHOH OT BAaTTMeTpa MOIIl-

Ipy Manbix 3HaueHUsX MopyJseit Koa(pHIHEeHTOB orpaxenus I}
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Takum oGpasoM, nepsas TOLIL;
8 COCTaBJSIOMAs LOrpe

JISIeTCA CHCTEMaTHUYeCKOH H Do Ougsaue, TE-
XapaKTePH3YeT OTPAKEHHYIO MOINHOCTE.
OGosHauny ee uepes §;. STy COCTABIAIOMYIO MOXKHO yuecTb, eC/IH B pe-
3yJIbTaT M3MepeHHil BHeCTH mnonpaeky, paeHyio |I',[2. Ilocie BHecenus
HONPABKK Pe3yJIBTAT H3MEPEHHsI MOWIHOCTH GyfieT 06/1aJaTh HEHCK/IIOUEH-
HBIM OCTATKOM MOIPEIIHOCTH, OGYC/IOBJIEHHOH HETOUHOCTBIO H3MEDeHHS
MOflyJisi KoadULHEeHTa OTpaXKeHHS .

5= 2| Ty POT, wan 65—+ 4 KCB (KCB—1) Okcs
(KCB4-1)8 ’
rge 6I'y — OTHOCHTE/bHAS MOrPENHOCTD H3MEPeHHS MOAYJIS KO3(pH-
LHEHTa OTpaXKeHHs; ?Kca — OTHOCHTeJIbHAsl TMOTPeIlHOCTb H3MepeHHs
Koa(puupenTa cTosuell BOJHGI.
Bropyio_cocraBisiolyio NPHHATO HA3HBATH NOCPEIHOCTHIO pacco-
TnacoBaHust Opaces MAKCHMABHOE 3HAUEHHE KOTOPOR
s _ 1
PACCMAKC — ;1 , 1 1110 1o
. ([T Ts))?
IC/IS (2.14) cnenyet, uto TIOrpeutHOCTb paccoryacoBanus GLICTPO BO3pacTaer
¢ yB%JIHIIEHHEM KO3pHIHEHTOB OTPaX€HHS H MOMeT HocTHrHyTs +-8%
an r = I's = 0,2 (KCB = 1,5). Ilostomy ee neo6xomumo yuHTHBATH
PH Onpefie/leHHH NOTPELIHOCTH H3MEPEHHI.
xa 6. INorpemnocts, 06GYCIOBNEHHAS H3MEHeHHEM TeMnepaTypsl OKpy-
ngeﬁ cpennl, 8g. Ilpu MeTOme CpaBHeHHS BesmumHa JaHHOH coCTaBJisi-
Ololu.eH ¥ Masa, ec/ii-paGouasi Harpy3Ka M HAarpyska CPaBHEHHS HJIEHTHUHEI.
o 4, MPOsBIISETCA NPH H3MEPEHHAX MasblX MomHocTefi B BHe Apelida
Yii5i BHIXOAHOTO HHAHKATOPA.

(2.13)

— 1A YT, [| T, (2.14)
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7. Morpemhoctb, BrsBalHas ApefipomM TemmepaTyphi KanOpHMETPH-
4eCKOro Tella H peiidoM H3MEPHTENIbHOM CXeMEL, 8,. JlaHHas NOrpeuHocTh
onpeJle1fieTCs KOHCTPYKUHes npubopa u ero cxemoif. Onpenesior ee K-
CIIePHMEHTABHO B YCTAHOBHBLIEMCS PeXHME.

VuuTeBas 3aKOHEl pacnpesesieH st COCTaBISIOWHX H TO, UTO NPH 3Ha-
UHTeJBLHOM UHCIe HEe3aBHCHMbIX HCTOYHMKOB 4acCTHHIX HorpelHocTe i
[25,26] ¥ OTCYTCTBHH CPefH HHX IOMHHHPYIOLEH, 3aKOH pacnpeie]eHHs
CyMMapHOit OrPeLUHOCTH CTPEMHTCS! K HOPMAJIBHOMY, NOrpeHocTs H3Me-
PeHHsT MOLHOCTH MOXHO 3aMHCATh B CIEMyloeM BHJe:

6=+3 ]/[2 (L;——)+i (ifli/%si‘—c)”+o,166;acc waer (2.15)

rge §;, 6j — cocTaBisiolHe NOrpewHOCTH, NOAUHHSIOMHKECS HOPMalb-
HOMy H PaBHOBEPOSITHOMY 33KOHY PacnpefiesieHusl. :

Tpu 3TOM IPHHMMAEM, YTO NOTPELUHOCT: PaCCOrIacOBAHUs pacrpe-
JieJleHa 10 3aKOHY apKCHHyCa.

Ec/i u3BeCTHb! (PaKTHUECKHe 3HAYEHHS MORyJel k03ddUIHEHTOB OT-
pamenns I, uT, na paGoueit uactore, 10 B popMysy (2.15) BMecTO KO3¢-
¢uupenra 0,16 noacrapasiercs koahduumenr 0,5.

B Tex cayuasiX, KOTfa Opaco mane FABASETCH JOMHHHpYIOLIeH COCTaB-
Jisommeit, CleLyeT NoNb30BaThcs (popMyaoit [26]

6=i31/ ¥ (“—3—)+ﬁ(9-’17—§)+k6pu (2.16)

rpe kne — BECOBOH KOS(QHIMEHT, 3aBHCSAIIHIA OT OTHOLIEHHS

I[OCTOHHC"TBZMH KaJIODHMeTPHUECKOrO MeTolla SIBJSIOTCH: GOBLIOH
JUHAMUUECKHH M IUMPOKHH u4acTOTHH AMANA30HE, BHLICOKAS TOllHOCTbH
K HepiocTaTKaM ero Ciiefyet OTHeCTH HHEPUHOHHOCTb H TPOMO3JKOCTE I i
6opoB, OCOGEHHO MPOTOMHHIX C 3aMKHYTOH CHCTEMOH HHPKYJISLMH. P

2.2.4. Xap

THEH P THMNOB BarT

P

BatTmeTp noraouwaemoii mompoctH M3-11A npefHa3HayeH NS H3-
meperust MomHocTH CBU CHrHAMOB B TPaKTaX ¢ BOJHOBBIM COHpO:r‘HB.'IeHHEM
50 Om. B ocHOBY ero paGoTsl 1I0/I0XeH MeTOJ| CPaBHEHHs HaMepsieMoil CBU
MOILHOCTH, pacceHBaeMoil B paGoueil KalopHMeTPHUeCKO Harpyske, C H3-
BECTHOH MOLI{HOCTBIO MOCTOSIHHOrO TOKA, PaCCEHBAEMOM B OLOPHOkM H:‘ﬂ‘p 3-
ke, SIBNAIOMefics aHaJoroM paGoueii. B mpuGope npumesnena 6anaﬂcx{);ﬂ
CHCTEMA KaJIODHMeTpa C 3aMKHYTHIM JBIXEHHEM KPeMHHHOpraHHuecKoi

KUAKOCTH IIMC-1. Cry 3
ua pc. 2.8. CrpykTypHas cxema npu6opa aHaNoOrHuHa TIpHBeNeHHONK

OcHoBHBble XapaKTepHCTHKH MpHGOpa:
— auanasod vactor 1 MI'y — 11,5 I'Ty;
— npegens u3MepeHuii 10 MBr — 10 Br;
— OCHOBHa$1 IO PELIHOCTE - (5,8+5'Pw—_2) %, rne P, — nokasa-
HHe npubopa, Br; ’
~— BXOJiHOe conpotuBiieHte 50 Om;
— KCB Bxopa nput6opa 1,25 — 1,6;
— BpeMsl yCTaHOBJIEHHs NoKasaHuii 15—25 c.
Hsmeputeas MowmocTH Kanopumetprveckuii M3-13 (puc. 2.11)

ra 8; o \2 i 8j marc\? * Kanopumempuveckan
i Makc ) a2 )
e8|/ 3 (22 + 2 (75 e S0 mepurn
Kak mokasaso B TaGu. 2.1. ’
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bpacc MakKC PEzyllﬂmap P
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ITorpelHOCTb H3MepEHH S MOILHOCTH C HCIOJNB30BAHHEM KaJOpHMET-
pHYECKHX MeTOIOB Ges yueTa MOrpPEIIHOCTH paccoryacoBaHHs COCTaBIsET
OGBIUHO OT OJHOTO JI0 CEMH IIPOLEHTOB.

BpeMsi yCTaHOBJIEHHS [oKasaHH#l KaJOPHMETPHYECKHX BaTTMETPOB,
Hcnoab3yeMblX B KauecTBe npu6opos 00mwero NpHMEHeHHS, KoJieGJeTcs
B npejeaax or ONMHOH [0 HECKOJbKHX MHHYT. Jluwp npHOOPH C aBTO-
MaTHUeCKOll yCTaHOBKO# GasnaHca, OCHOBaHHble Ha MeToJieé CpaBHEHHS,
HMeIoT BpeMsl yCTaHOBJIEHH S HoKa3aHKi NOpsiiKa HECKOJBKHX CEKYH/L-
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Puc. 2.11. Cxema npubopa M3-13,

n
rg:gu:aﬂaqeﬁrmﬂ u3mepenus momuoctd CBY  cursanos menpeprisHoi;
panpu (HI) v CPe[Hero 3HaueHHs! MOIHOCTH MOAYJIHPOBAHHEIX CB'}l{
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CHIHAJIOB B KOAKCHANBHBIX TPAKTAX C BOJHOBBIM cONMPOTHBJAeHHeM 75 OmM.
BaTTMETP COCTOMT H3 KaJlOpHMeTpHueckofi Harpysku A (IpHEMHOTO npe-
06pa30BaTelIsl) H H3MEPHTENbHOIO 6/10Ka b, CoeIMHEHHBIX rHOKHM LLJIaHTOM.
KanopHMeTpHueckas Harpyska MpeNCTaBisieT co60ii NOBEPXHOCTHbIH pe-
sHcTop THNAa MOY, 3aKMOueHHbIH B COrMacylouuii IKpaH. HapyxHas u
BHYTPEHHsIsl TIOBEPXHOCTH PESHCTOpa OMbIBAlOTCH BOXOH. B mojsopsiem
H OTBONSINEM KaHaJaX HAarpy3KH yCTaHOBJEHB KaJHOpOBOYHAs CHpPalb
1 60K mudxpepeHIMabHEIX Tepmonap. Boxa mojaercs B Harpysky M3 CH-
CTeMBl BOJIOCHAGKeHHsI, KOTOpasi PACIIONOKEHA B H3MEPUTENLHOM GJIOKe H
COCTOMT M3 IEHTPOGEKHOro Hacoca, perysisropa pacxona BOIel H pajua-
TOpa, OXJaX/AEMOro MOTOKOM BO3/lyXa OT BEHTWJINTOpA. BEHTHIATOD M
LeHTPOGEXKHEIH Hacoc NPHBOJSTCH B JEHCTBHE SJIEKTPO/BHraTeleM M.
KpoMe cHCTeMb! BOIOCHAGKEHHS B H3MEPHTeNbHEIH GIOK BXOAAT Kasaubpa-
TOp, OTCUETHOE YCTPOHCTBO i GJIOK MHTAHHUA.
Tlepes Haua/noM H3MepeHHit IPHOOp KAMHOPYIOT Ha MEPEMEHHOM TOKe

50 I, 0/aBast COOTBRTCTBYIOLLYIO MOLHOCTb Ha Ka/1HOpOBOUHYIO CIIHPab.
PasHocTb TeMrepaTyp BOJIB Ha BXOJe H BLIXOJie peoBpasoBarels, Nponop-
LWHOHAJBHYIO MOIHOCTH KaJHOPOBKH, H3MEpSieT GJIO0K anddepeHUHaT BHBIX
TepMonap. 3aTeM CHIHAJ KAJHGPOBKH OTKJIIOUAIOT H NOJAIOT H3MEPSieMYto
MOIIHOCTb.

OCHOBHBle XapaKTepHCTHKH npubopa:

— nuanasoH wactoT 30—1600 MI'y;

— npepiess H3Meperust 6—2000 Br; .

3A
— OCHOBHAs OrPelIHOCTh (4 + ﬁ—) %, rae A — KOHeuHOe 3Ha-
B

yeHHe pa6oueil uacTH WKaJH, P, — NOKasaHHe NprGOPa;
— BXOJHOe conpoTHBJeHHe 75 OM;
— KCB Bxona npu6opa He Gosee 1,3;
— BpeMsl YCTaHOBJIeHHs NOKasaHHii He Goslee 2 MHH.

2.3. BONIOMETPUYECKUIA METOA

B ocHoBy mpHOGOpOB, HCIOJNB3YIOMHX 60MOMETPHYECKHH METOJl, IO-
JIOXEHO M3MEHEHHe COTpPOTHBJCHHS PE3MCTHBHOrO TEPMOYyBCTBHTEILHOrO
seMenTa 1of gefictereM 3ueprun CBY, npeBpalueHHOli HM B TeILIOTY.
Vi3MeHeHHe CONMPOTHMBJIEHHS TEPMOUYBCTBHTENBHOTO 3JEMEHTa, MpOnop-
nuoHasbHoe mogsoaumoii CBY MOIMHOCTH, H3MepsoT C MOMOMbI0 MOCTO-
BHIX H3MEPHTEJBHLIX yCTPOWCTB, B OJHO H3 ILIeY KOTOPBIX OH BKiOUeH.
Ha CBY npuMeHsfoT iBa BHAA TEPMOYYBCTBHTEIBHLIX SJEMEHTOB — 6o-
JIOMETPBI H TEPMHCTOPBI (repMope3ucTopel)*). B 3aBHCHMOCTH OT BHAa NpH-
MEHeMOro TepMOUYBCTBHTEMBHOIO 3JEMEHTA BATTMETPHl HasbiBaloT 6ouo-
METPHYECKHMH HJIH TEPMHCTOPHHIMH.

OCHOBHEIMH y371aMH GOJIOMETPHYECKHX H TePMHCTOPHBIX BAaTTMETPOB
ABJISIIOTCS IPHEMHBIE [Pe0Gpa30BaTeNH, H3MEPHTENbHOE H OTCUETHOE yCT-

poiicTa.

*) Ha3BaHHst «TePMHCTOPY H «TEPMOPE3HCTOP® PABHO3HAYHEI; ABTOPH BHHYKICHH
NpHMEHSTHL HX 06a H3-32 TOrO, Y4TO B cnpaBoyHOl JIMTEpaType AJf PasHbX THIOB

HCNOJb30BaHK pasnblie Ha3BaHHs.
30
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IMpueMupiii npeoGpasoaten — 370 otpesok CBY TpakTa, Ha KoHie
Kg;?’pgrz:mm?eﬂ TEPMHCTOP HJIH GOJIOMETp. DTH 3JEMEeHTHI BHIIOTHSIOT

_OKOHEYHOH HarpysKH M HMeH
E ey rpy. HO B HuX 3Hepruss CBU npespawaerca

TepMHCTOPE! M3rOTOBMAUOT H3 NOMYNPOBOJAHHKOBOH MacChi B BHje
Oycuuku muamerpom 0,2 — 0,5 MM (puc. 2.12, @) uM wWIMHApa AHAMET-
pom 0,2—0,3 MM 1 fumuroi 1—1,5 MM (puc. 2.12, 6). TlonynposoxHEKoBas
Macca npefcTaniIser co6oil NopPOUIKOOGPasHyIO CMeCh OKHCJIOB MejH, Map-
rafua, Ko6ajsTa, THTaHa H JIp., CieKaeMylo B ONpejie/leHHO i cpefie. B snex-
TPHUECKYIO LENb TEPMUCTOP
BKJIIOYAIOT C [OMOLEI0 BBa-
PeHHEIX B €T0 TelI0 BLIBOJOB
1, 3 ¥3 naaTMHBl, IJ1AaTHHO-
HPHIHEBOTO HJH [UIATHHO-
pONHEBOro cnaBa. Juamerp

Puc. 2.12. Bycuuxosbit (a)
H OuIuHApHYeckult (6) Tep-
MHCTOPH:

1, 3 — BuBOAK; 2 — paGouee Tesio.

Puc. 2.13. BcraBKa ¢ RHTEBHIHBIME TICHOYHHMH
GonOMeTpaMK AMs KOAKCHAJILHHX TPHEMHBIX npe-
obpasoBareJei:

} — anektpombr; 2-— cmopsMolt sHCK;
4 - Gonomerpnl; 5 — onopa.

3 — KOHTAKTHI

BLIBOJIOB 25—50 MkM. UroGel yBeIHUMTL MpPOBOJHMOCTH NoJTyTIPOBOJ-
HUKOBOH MacCel, B Hee 06AB/ISIOT NOPOLIOK MeNH. JIJIsi KeCTKOCTH KOH-
CTpYkuMH TepMucropel THmoB T8, T9, THI, TB nomemator B cTek-
JISIHABIA GaJJIOH QHaMeTpoM .0 3 MM H TMHOI 10 10 MM ¢ POBONOYHBEIMH
BriBOfiamu aMeTpom 0,8 mm. 1lIHpoKoe pacnpocTpaHeHHe MONYyuHIIH TaK-
EK’leB 62'3563}111;1061-g-;ue TepmucTopnl THna TII-1, Ttepmopesucropw CT3-18,
-29, € KOTOPHX C
e, Tia Bcramm.p O3/1aHb BEICOKOYACTOTHLIE TEPMHUCTOPHEIE KO-
18] Bonomgrpu TPEJCTaBIAIOT COGOi TOHKYIO METANLIHYECKYIO IPOBOJIOKY
muHo# 0,8—1,2 MM (npoBostounsie G0NOMETPLI) HIH TOHKYIO MeTaJl-
JHY4eCKYI0 IIeHKy [27, 28] (W3 nuaTHHE!, Nanajus), HAHECEHHYIO B BAKY-
YMe Ha OCHOBaHHe (NIOJVIOKKY) M3 CTeK/a HIIH CIIIOfkl (IJIeHOYHble 60nome¥-
Elgg. Kl)IJ[il nsrm?fsneﬂnﬂ VPOBOJIOYHEIX GOJIOMETPOB NMPHMEHSIIOT —ILIATH-
. Y10 MPOBOJIOKY JaMeTpoM 1 MKM. ITnénounsie 60nomMeTprl GHIBAIOT HuTe-
HIHbME (pHc. 2.13) [31] v nnockumu (puc. 2.14). B HUTEBUAHBIX TOHKO-
;I-'IeHOqHux GosoMeTpax OCHOBAHHEM CJYXKHT HHTBH H3 CTEK/10BOMOKHa 2u-
H»ggggx 3 MKM, a B IVIOCKHX — CJIIOfia TOJMMHOH 30—50 MKM. HurteBup-
e © oome'rpm YCTaHAB/IHBAIOT HA ONOpaX B 3a30pe MeXLY cepeGpTHEIMU
o POjiaMu, KOTODble HAHOCHT Ha CJIONAHON AHCK (OCHOBaHMe) BXKHIa-
eM (puc. 2.13). Mexannyeckoe xperuieHHe H INMEKTPUYECKHIT KOHTAKT
JIomMeTpoB ¢ ssexkTponamu [32] ocymectrisior ¢ noMoutsio TOKOMNPOBOAS-
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meit Maccu. Onopa u3 HUTeH CTEK/IOBOJOKRA obeclieuHBaeT 3a30p MEXAY
OCHOBAHHEM H GOJOMETPOM, HEOGXONMMBIi 17151 COVIaCOBaHHUSl M CO3LAHMA
onpefie/IeHHOTO TEIJIOBOr0 pexuma.

Jlns BKJIIOUEHHS B JIHHHIO TiPefaud H N3MEPHTEJBHYIO CXeMy IJIO-
CKue GOJIOMEeTpbl HMeloT cepeGpsiHble MM INIaTHHOBBIE KOHTAKTEHL. Cepe-
6psHble KOHTAKTHl H3rOTOBJAIOT BXXUIAHHEM cepeGpsHOR MacTyl WIH Halbl-
JeHHeM B BaKyyMe cepepSHOM IUTeHKH Ha MOAC/IOH H3 HHUKes MM HH-
XpOMa, IIaTHHOBEIe— HATILIIEHHEM B BAKyYyMe IUIEHKH IJIATHHbL.

PaccMOTPHM OCHOBHblE XapaKTEPHCTHKH GOJOMETPOB M TEPMHCTOPOB.
K HHM OTHOCATCH:

— conpoTHBJeHHe GosoMeTpa (repmucropa) B paCouell Touke
Ry (OM) — cONpOTHBIIEHHE [OCTOSAHHOMY TOKY, IIDH KOTOPOM GonoMeTp
(TEpMHCTOp) COTJIaCyeTCst ¢ BOHOBEIM CONPOTHBJICHHEM JIHHHH NEPefatH;

— TeMOepaTypHslil KO3(pHIUMEHT COMPOTHBJIEHHS

dR;o .
1 2R @.17)

t°~ Rpe  dt°

Puc. 2.14. Bugn naockux GOJIOMETPOB /s KOAKCHANbHEX (@) M BOJHOBOAHHX 6)
TPaKTOB:
1 — KOHTAaKT; 2 — TEPMOUYBCTBHTE/IbHASA MUIeHKa; 3 — OCHOBAHNE H3 CMIOAK.

T. 6. OTHOCHTEJIbHO® M3MeHeHHe COIPOTHBIEHHS B PE3YJLTaTe H3MEHEHHS
Temnepatypsl, 1/° C;
— INOCTOSIHHAS PACCesTHUSA
he = dPldO,

T. e. OTHOIIEHMe NpPHPAIIEHHs MOIHOCTH, PAcceHBaeMoil B GonomeTpe
(TepMHCTOpE), K BO3HHKAIOMEMY B Pe3yJIbTare 3TOrO MOBBILIECHHIO ero TeM-
NepaType IO CPaBHEHHIO C TeMTIepaTypoil OKpyxatoume# cpesl, B1/°C;

— 4yBCTBHTEIBHOCTD
Sy = dReldP, (2.19)
HITH J .-
R,o
Sie=—— 2 100 %,
Ry dP

T. e. OTHOLIEHHe H3MEHEHHsI CONPOTHBJIeHHsi GojoMerpa (TepMHCTOpa)
K H3MeHeHHIO (IPHPAIIeHHI0) MOWHOCTH Ha Hem, OM/BT wiu % [Br;

—TenJIOBast IOCTOSTHHAS BPeMEHH T, C. XapaKTepusyeT CKOPOCTb yCTa-
HOBJIEHHs] TeMIEPAaTYpPH 60/J0MeTpa (TepMHCTOpa) NpH H3MEHEHHH ero
TENJI0BOrO PeXHMa H BhIPAaXKaeTcss BpeMeHeM, B TeueHue KOTOporo npejasa-
PHTENBHO HarpeTsiii 6OIOMeTp (TEPMHCTOP) OCTHIBAET B € pa3 fo Cpaske-
HHIO ¢ NepBOHAYaILHOH Pa3HOCTBIO TeMIepaTyp OTHOCHTENBHO OKpYyXalo-
ieit TeMrepaTtyps;
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— MaKCHMAaJIbHO JONyCTUMAasl MOIIHOCT: PACCeSTHHS
iggﬂzaoﬂmﬂ};zg:; ggrogpyélﬁe:epfn;uir(j%%nomwp)p MOXeT paccljeclfal;?.rf’s 1'31'::
ero xgp:;’repnmnx OCTaHyTCS g npyenegl}:;H;{oq];rn?(.HeOGPaTHMHe roetetnz
eM CIy! a a
EIR SABHCHNOCTS HoNCHOIA ConpOmMOCR e b, IPHCYILS e
%ic;eé;ahae;ag:é I];go;u;rocm (puc. 2.15) u Temnepatryput oxpymamm:ﬁ);%?;;f
Ty 3aBHCHMOCTb MOXHO 3a[IMCATh B BHJIe

Ry = R, exp B./tx, (2.20)

Fyoy OM

+50C  +20%C

1700 -30%

1
g 3 2 9 BB

Puc. 2.
TEpMOPé:f]:l ggﬂggug'?_?fscogpomsneﬂﬂﬂ HHTEBUAHBIX IUIeHOUHbIX Gosomerpos (a) u
P -18 (6) OT BenMuMHN pacceMBaeMOR MOLLHOCTH NpPH PasJHUHON
TeMnepaType OKpymalolel cpexbl. .

Iy - —
Mz:':r eR;);é Jgr Tep;[a?&?r%?mle't 3aBHCSILIME OT CBOHCTB 1101y NPOBOJHIKOBOLO
TOpa; Ik = IKowp + © — abcomoTHas T
eMnepa-

';"ypa, IPH KOTOPOH OnpeJie/sieTcs CONPOTHBJEHHE TepMucTOopa R,e pK'

K ogp — TEMIEpaTypa OKpykalomei cpefinl; © = P/h,e — uemHe

TeMuepaTypel TepMHCTOpA Hap "‘eMHep poit i ¢ epem: ion
T CT T aTypol OKpy: i

BO3JICHCTBHEM MOIIHOCTH P. patyp PYMEIIEA Cperia mon
ITa 3aBHCHMOCTD MOXKeT GHITE TaKMe 3aMHCAHA KAk

B‘t(t‘i( okp_tol()

Rto = Ryo oxp €Xp _
K op 'K

(2.21)

.

om ogdnq)qaepex-lnuﬂpyn Boipaxenve (2.20) nmu (2.21), MOXHO onpefeuTs
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3aBHCHMOCTb  COMpPOTHBMCHMUS! NIPOBOJIOYHOrO GOJIOMETPA OT TeMrle-
Patypel B o0meM BHze MoxKeT GuiTh 3anMMcana Kak
Ry = Ry orp (1 + 00), (2.23)
rie © = fx — % o0
Iocrosinnas paccesius hye  TepMOuyBCTBHTENBHOO 3MeMenTa ompe-
JIENACT 4YBCTBHTENBHOCTL M [peiitoBrie XapaKTEPHCTHKY  BaTTMeTpa.
Jpeiig nokasanuit orcuernoro npuGopa NpH H3MeHeHHH TeMIIEpaTypsl OK-
pyxaioieit cpefibl psmo TPONOPIHOHATIEH MOCTOSIHHOM paccesHus 6010-
MeTpa (TepMHCTOpa):
AP = h,e AB. (2.24)
OcHOBHEle XapakTepHCTHKH HauGoee
POB M TEPMHCTOPOB NpUBENieHk! B Ta6J1. 2.9.

pacnpocTpaHeHHbIX GosoMerT-

Ta6nuua 2.2
- oo, hye 4
Tun TepuouyscTRHTEND- Ryoy, . 'B Sqe, T Pep make,| Pu maxc,
HOTO S/ieMenTa Om -T 10—3 % 100%/Br © Br Br
Tepunctopu T8, T9,
TK, TB, Tl 50—250{0,03 0,2 15 0,15-0,5/30.10—3| 1,25
TepmopesucTopn
CT3-18, CT3-32 5020010, 02 0,17 11,75) 0.6—1 |40.10—3| 50

Tporonoskne nnatrko-

Buie  Gosomerpnl @1 mim|100—400]0, 004 5.10—5—{10-10—3

10—4

0,05 8

Huresnamsie nnenounnie
GONoOMeTpPH Ha CTeKJo-
BOJIOKHE 3 MKM

Iliockue  naeHounie
€OIOMETPH Ha CJIOASHOR
nognoxKe

100—150(0,0025( 0,08 3 35 -10—9(20.10—3/0, 51, ¢

50—-75 (0,001 ] 0,1 1 no 1

Kax Tepmucrops:, Tak H GOSOMeTpsI HCIIOMB3YIOT JUIST U3MEPEeHHS Ma-
JIbIX YPOBHEH MOIMHOCTH HeNPepLIBHBIX CHTHAJOB M CPERHEro 3HAuEHHs
MOIHOCTH HMINYJIbCHO-MOAY/HpoBaHHEX CBU curnanos. Ha NpaKTHKe
TIPENIOUTEHHE OTAAIOT TEPMHCTOPAM H3-3a HX GOJlee BHICOKOH YYBCTBHTEh-
HOCTH W GOJIbLIel! SHEPTHH NePeropaHHs TIPH OAHOM H TOM e MaKCHMaJs-
HOM rpejiele H3MePEeHHHl CPeJIHEr0 3HAYEHHS MOLIHOCTH MMITYJIECHO-MOZy-
JTHPOBAHHKIX CHIHAJIOB. BMecTe ¢ TeM NPOBOMOUHEIE H HUTEBHAHHE G0J0-
METPEl Ha CTEKJIOBOJIOKHE NPHMEHSIIOT /ISt H3MEPEHHST MAHIX YPOBHelt Hu-
TyJBbCHOH MOILHOCTH 6J1arofaps MX Maso# IOCTOSHHOMN BpemeHd. Ha npo-
BOJIOUHBIX GOJIOMETPAX, HMEIOUHX BHICOKYI0 CTaGHJIBHOCTD napameipos,
CTPOST 06pasuoByio annapatypy. Ilnockue meHouHbie GonomeTpyl 1103~
BOJISIIOT pACIIMPHTD IMHAMHUECKHH ANANA30H CPESIHHX YPOBHEH MOMIHOCTH
Jo 1000 MBr. Jl;st ypoBHeit MomgocTy Hixke 10 MBT Takde 60/10MeTpH Maso-
UPHIOLHE! H3-3a OOJBIUOH IOCTOSIHHON paccestsHs, 06yc/I0BIHBaOWE
3HAUMTEJBHBIA peii NOKA3aHUH NpH M3MepeHHSIX.
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5.3.2. Koncrpyiaymm F Peoby

KoakcuanbHele npueMHbie npeo6pasoBaTelH MOrYT GHITh C OTHHM HAH
JBYMs1 TEDMOUYBCTBUTENLHBIMH 3/leMeHTaMH. B nepsom Cayuae uist BKIIIo-
ueHHs TepMHCTOPA (6OJIOMeTPa) B H3MEPHTE/IBHOE YCTPOHCTBO NPHMEHSIIOT
BEICOKOUACTOTHEIE APOCCEJIH, BO BTOPOM-— APOCCE/D He HyKeH.

Tpremnbit npeoGpa3oBaTeb ¢ OXHKUM TEPMHCTOPOM  (pHC. 2.16) npen-
CTaBJIfeT co60ii OTPe30K KOaKCHasa, Ha KOHIE KOTOPOro BKIIOYEH TEPMH-
€TOp R,> TaKuM 06pasoM, 4TO O/IHH H3 €r0 BHBOJOB NPOJOIKAET LEHTPAb-

K usmepumens-

Homy
yompodemby

Rge
Peay L K usmepumensromy
Ap -[-C‘K yempoticmBy
o—
- 12

Puc. 2.16. YnpomeHnas KOHCTPYKUHS NPHEMHOTO TEPMHCTOPHOTO npeoGpasosaTens c
JipoccesieM (@) W ero sKkBuBanenTHan cxema (6).

Hblil IPOBOJHMK 1, a BTOPO#i COEUHEH C KOPIyCOM 3arJyINKY, 06pasyroweit
C BHELIHHM OPOBOJHHKOM JHHHH 2 KoHmeHcatop C,. Koupencarop u Jpoc-
cenb Ip B BUpe ciMpanu ApxuMesia o6ecneunBasoT BKJIIOUEHHe TepMHCTOpa
B llenb MOCTa IIOCTOSIHHOrO ToKa. JIpoccensb NpHnauBaroT K BHYTpeHHEMY
¥ BHelHEMY NPOBOJHHKAM JIHHHH M DaCIONaraloT B IJIOCKOCTH NOMeped-
HOro ceueHHsi Koakcuana. ConpoTHBJIEHHe Apoccens HOCTOSIHHOMY TOKY
U TOKaM HH3KOH YacCTOTH 3HAYHTEJLHO MeHblle paGoyero CONPOTHBJICHHS
ipeoGpasosarens. Jlns toxkos CBU pmpoccens mpencrasnser 6Gonbmoe
PeakTHBHOe CONpPOTHBJIEHHEe B pafoueM JHAma30He yacTOT M 1I03TOMy He
BHOCHT paccoryiacoBaHus. EMKOCTb koHplercatopa nonGupator TaKoO#, yTo-
Gkl ero peakTHBHOE CONPOTHBJEHHE B paGOueM IHANIAZ0HE uaCTOT 6bIT0 BO
MHOro pa3 MeHbllle paGoyero CONPOTHBJIEHHs! PeoGpasoBaTes.

Pasmeprl fipoccensi onpepensiior paGounit AHanasoH wacror npeoGpa-
soBatenst. CBY 1poccesb ¢ HeKOTOPBIM NPHOIHKEHHEM MOKHO 1PCICTABHTD
B BHJle KOPOTKO3aMKHYTOrO Lueii(pa onpepesieHHol amunsl. Toraa ero npo-
BOZHUMOCTb GyJieT U3MEHSThCH, KaK NOKa3aHo Ha puc. 2.17. Ha H{I\BKI{X ya-
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CTOTaxX CONMpPOTHBJEHNE APOCCeNs] LIYHTHPYET Nepefaloulylo JHHHIO, IPH
3TOM BO3HHKAIOT Gosibuine OTpakeHHsi. Ha BplCOKHMX uacToTax M3-3a mO-
CJIeyioBaTeILHOrO Pe30HAHCA JPOccelist JHHHSI CHOBA OKAa3blBaeTCs 3allyH-
THpoBaHHOH. Pe3soHaHC apoccesist MPHBOIHT He TOJBKO K BO3PACTAHHIO
KCB npeo6pasoBarensi, HO H
K YMEHBILEHHIO Ko3(HIMeHTa
s¢pexruBHocTn  K,, uto nox-
TBEPXKJAIOT 3KCIePUMEHTANbHO
NI0JTyYeHHsle NaHHple puc. 2.18.
IepBriit pesoHasnc HacTy-
\ \ \ 1 nmaeT NpHGIH3HTENBHO NIPH JUIH-
w00 200\ 300700 500 fiM7y He BOMHM A = 21 (I — piMHa
. NPOBOJIOKH JIpoccesist). 3atéM
pe30HaHChl MOBTOPSIIOTCST NPH
JJMHax BOJIH, GIM3KNX K Kpart-
HBIM 3HAYEHHSIM JUIMHbl BOJTHBI
nepeoro pesosadca. KpaTHocTs
He BbIJIEPXKHBAeTCsl TOUHO, I0-
- ' CKOJIbe C pOCTOM 4acCTOTBhl H3-
Puc. 2.17. Haveneune nposomumocts CBY MEHSIeTCs! BITHSIHHE T1apa3HTHBIX
ApOCCeNs B ANANMA30HE YAcTOT. NIapaMeTpoB ZIPOCCENst Ha pe-
30HEHCHYIO yacToTy. Jlpoccesb BLIGHPAIOT TAKHM 06pa3oM, YToGH ero HH3-
Liasi pesoHaHcHasi YacToTa OblTa Brille BepXHeil yacToTe paGouero auana-
30Ha npeoGpasoBatesi. OKOHUaTebHble Pa3Mephl APOCCeIsl YCTAHABIMBAIOT
IKCIIePUMEHTAJBHO.
CxeMa pacCMOTPEBHOrO KOaKCHAJBHOro npeo6pasoparens (puc. 2.16)
NojioxkeHa B OCHOBY KOHCTPYKLMH NpHEMHHIX mpeoGpasoBatesieli M5-8,
M5-12 (puc. 2.19) u M5-17, M5-18.
e B GoabIUHHCTBE CayuaeB pJs
H3MepeHH HCnoB3yIoT npeobpa-
30BaTelH, He TpebyIolHe HACTPO-
a9t KM NpH sKciyatanmd. Onrumans-
HOe M0JIOXKeHHe TEPMHCTOpa B CO-
rjaacyriomel KaMepe yCTaHaBJIH-
BAIOT NPH peryJHpoBre npeobpa-
30Barelis, repemelast TEPMHCTOD
HIH CMellasl OTHOCHTENBHO Hero
xamepy (puc. 2.19). Bxogsoe co-
NpOoTHBJIEHHe NMpeobpasoBatelieii ¢
(UKCHPOBaHHOH HAaCTPOHKOH H3-
Puc. 2.18. 3asucumocts K, npeoGpasopare- ~MEHSETCS C U3MEHECHHEM UACTOTHI.
Jif, BCTpoeHHoTo B npubop M3-1A, ot uac- H3MeHeHHe BXOJHOrO HMMIeaHca
TOTHI. npeo6Gpasoparesiss B HEOONBIIHX
npefielax YaCTHYHO  KOMIEHCH-
pYIOT H3MeHeHHeM PabOuYero COMPOTHBJEHHS TepMHUCTOpa (COMpOTHBIe-
HHSl [OCTOSIHHOMY TOKY), JIOCTHraeMelM H3MEHEHHeM TOKa MOJIorpeBa.
CoBpcMeHHblE  KOAKCHANbHblE TepMHCTOPHule mpeoGpa3oBaTesin  Ges
nepecTpauBaeMblX 3yieMeHTOB umelor KCB<C 1,5 B paoueM guanasone
4acToT.
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B nocremtiee BpeMsi LIMPOKO HCIIOMB3YIOT TEPMHCTOPEblE BCTaBK
[36], BEInONHeHHble HA Ge36GasJIOHHBIX TEPMUCTOpax, obecreurBaloye
JIyUIIYI0 B3AHMO3AMEHSIEMOCTD, YeM TEPMUCTODPE! B CTEKJIAHHLIX Ga/IoHaxX.
Tepmucropras peraBka (puc. 2.20) npejcTabiser co6oi COIVIACOBAHHYIO
KOaKCHaNIbHYI0 HarpysKy. OfuH M3 BHBOJOB Ge3Ga/JOHHOTO TEPMHCTOpA
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Puc. 2.19. KOHCTPYKUHH NpHEMHBIX npeobpasosareneit M5-8 (a), M5-12 (6):
Ap — ap Ryo— ; € i — Koil} Top.

TpMBapeH B Hell K LEHTPaNbHOMY NPOBOJHHKY, a BTOPOil — K KOPIyCY.
Kopnyc BeraBku Brnomssier pons Brewsero MPOBOJIHHKA H NpPELOXPaHsieT
TEPMHCTOP OT MEXaHHYeCKHX MOBpeXJeHHH. B 3aBHCHMOCTH OT BOJTHOBOrO
CONPOTHBIIEHHS JIMHHH M€Peflaudl TePMHCTOPHHE BCTABKH UMEIOT PAs/IHy-
Hble JMameTpsl IPOBOAHHKOB KoaKcHamMa: Jist 50-0MHOTO Tpakta — 2,3 X
X 1 MM, st 75-oMHOrO — 3 X 0,85 MM. TockosKy TepMucTOp Bo BCTaB-
KE HMEEeT KOPOTKHe TOKOMO/BOMEl H PACHONOMKEH GIM3KO K KOPIYCY, ero
KOS(GHMUHMEHT TEMOOTAAUH CYIIECTBEHHO MOBLIIAETCH. ST0 TPHBOIUT
K YBEJHUCHMIO MOILTHOCTH N0JI0TpeBa, HeOGXONUMOH LTS MOMyHEHHs 2KeJa-
€MOr0 pa6ouero COnMpOTHBJIEHHS.
TepmucTopryio BCTaBKy - BKIIOYAIOT B JIMHHIO MPHEMHONO NpeoGpaso-
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BaTeas TakuM 06pasoM, uTO HX BHYTPEHHHe NpPOBOMHMKH IpOAOMINKAIOT
Apyr Apyra, a KOPIyC KOHTAKTHPYeT C KOPIYCOM 3ariyIliKu, KOTopas 06-
pasyeT € BHEIUHMM NPOBOJHHKOM KOHAeHcaTop C, (puc. 2.21). PaGouee
CONpOTHBJICHHE BCTABKH MIsi 50-0MHOrO TpakTa cocrabisier 50—100 Owm,
s 75-omHoro — 75—100 Om. Ha Gaze TEPMHUCTOPHLIX BCTaBOK CO3/a-
) ¢45  HBl TEDMHCTODHsle  mpeoGpasoBareiu

" M5-29 — M5-32 (cm. puc. 2.21). Kon-

/ / CTPYKIHs npeoGpasoBareneil n03BoOsieT
=t 3aMEHATb TEPMUCTOPHBIE BCTABKH B IPO-

=y~ leCCe IKCIITyaTalmy Ges noaperyTHpoB-
KH. 3aMeTHM, uT0 3T0 He HCK/IIOYZeT

5 Ry aTTeCTa1lHIo NpecOpa3oBaTeNis Mo K03~
6.5 buLHeHTY 3DEKTUBHOCTH ISt KaIOM
.3 HOBOH BcTaBku. Huorma arTecranmio

BBIIIOJTHSAIOT 3apaHee 51 BCEro KOMII-
Puc. 2.20. TepmucTopHas BCTaBKa: P At K

1 HTPANbHEA M HHMK; 2 — XK Jiexta ABOK.
— el JTh] JOBO) > bnd -
T R 1o opemtensy, 2 T XeP B kopmyc npeo6pasosarens gonos-

[ " HUTEJIHO MOHTHDYIOT TEpPMOKOMIICHCH-
PYIOILYX0 BCTaBKY, aHAJIOTHUHYI0 paboueii, uToGnl 06ecrneyuTsb pa6o-
Ty npeoGpasoBatess ¢ H3MEPHTEIbHBHIMH YCTPOHCTBAMH, B KOTOpBIX TIpe-
AYCMOTpeHsI CXEMBl KOMIICHCALMH Apeiia, BEISBAHHOTO (WIYKTyanueii TeM-
NepaTypsl OKpYalommeit cpefibl.
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Puc. 2.21. Kouctpyxuns npaeMHoro npeoBpasopatens M5-30:
ie BCTaBkH; Jp — Apoccens; Cp—

Rye,— paGosan u yIOImas Ti
KOHJZIEHCATOP.

Ry

o
1,

B Hacrosuuee Bpemst Bce Gonbliee NpHMeHeHHe HAXOMST KOAKCHAMB-
Hble 1peoCpasoBateNd, He TpeGyioLIHe APOCCENs IS BKIIOHEHHS TepMu-
CTOpoB (6OJIOMETPOB) B M3MepHTENbHYIO Lenb. Taxue npeoBpasoBateny
JOJAHBI MMETh JIBa MAEHTHYHBIX TEPMOUYBCTBHTENBHLIX 3/IEMEHTA, BKJIIO-
UEHHBIX B JIHHHIO lIepeJlayd napajyiessHO, @ B M3MEPHTENBHYIO Lenp —
nocsenoparesbro. I1peoGpasoparesn Ges mpoccesisi XOPOLIO COMVIACYioTCs
B IIMPOXOM AHanasole wactoT. Tak, ogHuM mpeo{pasoBatesieM ¢ BXOIHBIM
38

CéueHHeM KOaKCHala 7 X 3 MM MOXHO NepeKPHThb AMANa30H 4acTOT OT
10 MI'y nio 18 I'Tu. KoeTpykuus Momyast ¢ TEPMHCTOPHBIMH 3/IEMEHTaMH
TaKOro npeoGpasoBaTessi aHaJlOTHuHa H300paeHHOi Ha puc. 2.13. Boo-
MeTpPHYeCKHH 1peo0pasoBaTeib ¢ JABYMS HAEHTHYHBIMU 6onoMeTpamMu
npuBejieH Ha puc. 2.22.

Hanuuue Byx a;emMeHTOB MoMeT yxymwath XapaxTepPUCTHKH Mpeos-
pasoBaTeJiell H3-32 BOSHUKHOBEHMS JOMNONHHUTENBHOH HeIKBHBAJEHTHOCTH
3aMEIUEHHST H3MepsieMO# MOILHO-
CTH MOIHOCTBIO IIOCTOSIHHOTO TO-
kKa. BospacTaHde HesKBHBalleHT-
HOCTH 3aMellleEHsI OGyC/IOBJIEHO
HEHJICHTHYHOCTBIO XapaKTEPHCTHK

Puc. 2.22. O6wuk sun (8 paspese) Go-
JIOMETPHIECKOTO npeoGpasosarens

. N2

I —BcTaBKa; 2 — KonpencaTop; 3 — BKJIaAWII
H3 JIMSNEKTPHKa; 4 — cornacyiomas kamepa.

SJIEMEHTOB, H3-33 KOTODOH HepaBHOMEPHO PachpenessiorTcsi¥ MOMIHOCTH
samewenuss © CBYU Mexny OTnenbHHIMH 3iemeHTamu. TMonpo6uee] nan-
HBlf Bompoc GygeT paccMoTpen fadee. *
° ODT0T HEJIOCTATOK MOXKHO HCKJIIOMHTD, HUCIONB3Ys npeoGpasoBateny
€ TEIJIOCBSISAHHBIMY C/BOCHHEIMH 3MeMeHTamu [38).  KoucrpyktueHo Ha-
HGOJlee TPOCTHIM CIBOCHHBM 3Je-
MEHTOM  SBJISIETCS TePMHCTOpHAs
OyCHHKa C Tpems BLlBojaMu (pHc.
2.23). Takoit TEPMHCTOP MOHTH-
PYIOT BO BCTaBke (pHC. 2.24), Ko-

2
3

Puc. 223 Tepmuc-
TOpilast GycHHKa ¢
TPpeMst  BHBOZAMil.

Puc. 2.24. TepMucropnas scraska co CIBOETM-
HbIM TEPMiICTOPOM:
I — uenTpanbHLil NpOBONHMK; 2 — BHEWHHA mpo-
BOANHK: = 3 —Kopryc; 4 — memOpannas mpyxmna;
to — TepMHCTOD; Cx ®- KOHAEHCATOp.

TOpasi mpefcTaBisier co60H OTPE30K KOAKCHANA CeyeHHeM 2,3 X1 mm.
Kopnyc BctaBxu 3 u BHewHH# NPOBONHHK Koakcuana 2 pasfefieBsl KOH-
CTPYKTUBHLIM KOBJIeHCaTopoM Cy B BHjE KepPaMHueCKOl IaiiGsl ¢ mo-
cepeCpeHHBIME  MIOCKOCTSMH. CpefHHil BHBOJ TEPMHCTOPA NpHBapeH
K BHyIpeHHeMY NPOBOIHHKY BCTABKH, 4 J[Ba IPYTHX-— K BHEIIHEMY NPOBOJ-
HHKY H KOpnyCy COOTBeTCTBeHHO. ITpeoGpasoBatenn, KOHCTPYKIHS KOTO-
poro nprBefieHa Ha puC. 2.25, @, COLEPXKHUT ABe HICHTHUHEIE TEPMHCTOPHEIE
BCTABKH, OJIHA H3 KOTOPEIX ABNsieTCst paGoueit (R;e,), a Bropas — TEPMO-
KOMMeHcHpyiomest (Rys,).

B npeo6pasoparene ¢ TennoceszaHHLMu TEPMHCTOPAMH KOHJIEHCATOD
C1, BKIIOYaeMbill B paspes BHYTPEHHEro MPOBOJHHKA KOAKCHAJBHOH JIH-
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HHH, H KOHCTPYKTHBHBIH KOHIeHcatop BcraBKHM C, MCKIIOYAIOT B3aHMHOR
Binsiue Leneit CBY u nocrosiasoro Toka (pue. 2.25, 6).

st TensoBof pasBA3KH BXOfa mpeoGpasoBaTeNst W TEpPMHCTOPHOMN
BCT2BKH BHYTPEHHHIT MPOBOJHHK KOAKCHAJIBHOM JIMHHK HHOTIA BLITIOMHSIIOT
M3 TOHKOCTEHHBIX TPYOOK (HMKENb HIIH HePKaBeIomasi cranb), obnanak-

T3

rransv;

K usmepurmens-
. Homy  baoky

a . 3
Puc. 2.25. KoHCTPYKIHS 1M POKOTIONOCHOTO TEPMECTOPHOTO mpeobpasosatens (a) u ero
3KBHBaneHTHas cxeMa (6):
Ryo,, Ryo,—paGowas u T yioman ‘OpHBble C, — Kep: KOH-
AeHcaTop.

LHX MaJof TemyonpoBoAHocThio. Kpome ToOro, Kopryc mpeoGpasosatens
3aKJIIOYAK0T B TEIIOH30HPYIoumi Gymiap, 61aronapst 4eMy yMeHBINAeTcst
BIIHSIHHE PE3KHX W3MEHEHHH TeMNepaTyphl OKpYKaromeil cpefibl.

6 o

2.3.3. KoHcTpykuymu AH| F P P P P

.
BosHoBoziHble npHeMHbie Npeo6pasoBaTeNd, KAK H KOaKCHAJIbHbIE,
NPEeJICTaBAAIOT o060 OTPe3KH BOJIHOBOJOB C BKJIIOYEHHHIMH Ha HX KOHIAX
TEPMOYYBCTBHTEJIBHLIME  3J€MeHTaMH. PaccMoTpuM npoctefinyo cxemy
KOHCTPYKUMH, NOJIOKEHHYIO B OC-
HOBY TEPMHCTOPHLIX mnpeoGpa3so-
o Bareseit M5-19—M5-22 4 M5-26—

: M5-28 (puc. 2.26).
K usmepu-

mensHomy-  Puc. 2.26. YnpouweHHasi cXema KoOHC r-
> bnoky PYKUHH BOAHOBOMKIX NPpeobpasosateneit

M5-26 — M5-28:

I~ I — ctynenvatnift nepexon (rpascdopmarop);
3 2 — 3arnymiKa; 3 — KOPOTKO3aMbIKATEb;
Ryo — tepuncrop: Cy — KORAEHCATOD.

B npuemHoMm npeoGpasoBaresie cO CTOPOHB BXO2 MMERTCS! CTYreHYa-
THI WIH IUIaBHE nepexol (TpaHcgopMatop). C ero nomompbio Tpaxepop-
MHpyeTcst (YMEHBIUAETCS) XapaKTepHCTHYECKOe CONPOTHBIIEHHE BOJHOBOza,
YTO YJYYIUAET yCJOBHS COIJIACOBAHMS TOCTEJHEro € OTPE3KOM KOAKCHa-
Jla, B pa3puBE UEHTPAJBHOTO NMPOBOJHHKA KOTOPOTO NMOMELIEH TePMHCTOp
Ry. OnmuH KOHElN TepMHCTOpa 3aMbiKaercsi Ha KOPNYC € TOMOLbIO
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nuyHxepa 3 B KOaKCHAIbHOM JIMHHH, a BTOpoii— Yepes NJIYHXEP H KOH-
xzercarop Cy. CMeinas NMONBHXHbIE KOPOTKO3AMBIKATNH, NpeoGpasoBaTesb
COLVIACyIOT € TPaKTOM. BoJHOBONHEIf TPAKT 3aKaHYHBaETCS 3arTyIIKOH 2—
OTPEe3KOM BOJIHOBOAZ ¢ GOJIbIUNM BXOLHBLIM CONMPOTHBJIeHHeM. Kompenca-
Top C pasnensier CBU uenu u uenn nocrosioro Toka. KCB Takux npeo6-
pasoBareneii coctapisiet 1,4—1,7 B pa6ouem muanazone 4actor BOJIHOBOJA.

UTo6bl yJIYYIUHTH COIJIACOBAHHE BOJHOBOLHBIX npeobpasoBateneit
B y3KOH nosoce yactor (Af = 4+ 5%), ucnonb3ayior TpaHcOpMaTop nod-
HHX CONPOTHBJICHHI! B BHAE MOIBHKHOIO MOJHCTHPOJIOBOTO CTEPXKHS C Me-
TAJTHYECKOH OTpaxalomed MIAaCTHHKOH Ha KoHue. CTep:KeHb BBOAAT
B IVIOCKOCTE 3aIJIYIUKH Yepes oteepcThe. CMemas MIACTHHY BIOJTB OCH

K usmepumenswomy” bnoxy

4
A 3
7777 Ryo
Ve -

Puc. 2.27. YnpoletiHas cXemMa KOHCTPYKIHH BOJHOBOMHBIX MpeoGpaszosareneli M5-40 —
M5-45:

I — otpesok BosHOBOLA; 2 — pabouasi TepMHCTOpHAR BCTaBKa; 3 — KOPOTKO3aMbIKaTeab; 4 — kour-
TaKT; Ryo — Tepmuctop; Cy — Koumencarop.

BOJHOBOJIA ¥ TNOBOpAuKBasi €8, PEryJHPYIOT (asy H aMniuTYLy KoIpdH-
UMeHTA OTpakeHHsl. Takas peryJHpOBKa NO3BOJsieT nocturayrs  KCB
oxoxno 1,05 Ha o060 yacToTe B [Manas’oHe BOJHOBOAZ, H ee MPHMEHSIOT
B 00pasiOBEIX TEPMHCTOPHHX Npeo6pasoBaTensx. .

OCHOBHOI! HELOCTATOK ONHCAHHOMN KOHCTPYKIMH npeoGpasoBaresne —
CJIOXHOCTB HX PeTyJHpOBKH. Kpome Toro, B Takux npeoGpasoparensx He-
BO3MOXHO 3aMEHATh TepMHCTOpHI Ge3 nocnenytomeii noactpofiky Ha CBY.
3TOT HEJIOCTATOK YCTPaHeH B npeofpasoBaTensix M5-40— M5-45 (puc. 2.27).
Kaxawift u3  HuX npencraBiser co6oii OTPesoK BONHOBOxa I, Ha KOHLE
KOTOpOrO BKJ/IIOYEHa BOJIHOBOLHAst TEPMHCTOPHAs BCT2BKa 2, NpHiKatas
K BOJIHOBOy KOPOTKO3aMBbIKATENIeM 3. .

Otpesok BOHOBOZIA / BHLINOMHEH B BHJE TUIABHOTO MEPEXOJia OT BOJIHO-
BoJia pAAMOYToJIbHOTO cevenns Kk I1-06pasHoMy, uTo yMenbiuaer BEITHYHHY
¥ MHTepBaJ H3MEHEHHs XaPaKTEPHCTHYECKOIO COTPOTHBJCHHS M BMeCTe
€ KOPOTKO3aMbIKaTesIeM 00eCneyHBaeT XOpomIee COracoBaHHe TEPMHCTOp-
HOH BCTABKH BO BCEM JManasoHe paGOuMX yacTOT BOMHOBOA. Tepmucrop-
Hasl BCTaBKa 2, KaK H BOJIHOBOJ, iMeer I1-06pasHyio ¢opmy. B ee 3azope
MOHTHpYIOT paGounit TepmMucTOp Rye. OnuH BLIBOL TEPMHCTOPA INpHBApPH-
BAIOT K KOpIyCy BCTaBKH, BTODOH—K KOHTaKTy 4. KOHTakT M Kopmyc
BCTaBKH, pa3jieJieHHbIe H30JIAIMOHHON MPOKNafKoH, 00pa3yioT KOH-
neHcatop Cy TaKOH €MKOCTH, YTO €ro peakTHBHOE COTIPOTHBJICHHE TO-
Kam CBY npene6pexxuMo MasIo 110 CPaBHEHHIO ¢ HMIEeNaHCOM TepMHCTOpa.
K npunuBam xopnyca BomHOBoxa B HEeMoCPeACTEeHHOH 61H30cTH K paGo-
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yeff TepMHCTOPHOfI BCTaBKe KpPensiT BCTABKY € OIOPHEIM (TEPMOKOMITEHCH-
PYIOLMM) TEPMHCTOPOM, HIEHTHYHHIM paboyemy.

ToHkoCTeHHBIH KOPNYC BOJIHOBOZA H3TOTABJAMBAIOT METONOM TaJibBa-
HOIUIACTHKH H ONPECCOBHIBAIOT JIACTMACCOM, YTO 0GecneyuBaeT JOCTaToy-
HYIO TEMJIOBYIO Pa3BA3KY MEXJY BXOIOM npeo0pa3oBaTeNist H BCTABKAMH.
IpeoGpasopatesb 3aK/TI0YAIOT B IJIACTMACCOBhIH KOXYX, KOTOPHIH 3alilii-
maeT TEPMHCTOPHHIE BCTABKH OT MEXaHHYECKHX BO3IEHCTBHE M KpaTKO-

3 1

Puc. 2.28. TipueMubift TepMucTOpHEI} NpeoGpa3osatens M5-49:

1 — BonHOBOA; 2 ~— KoOpnyc YIOLLEr0 : 3— MMT-9;

4 — paClIMBOYMasl NaHelb; 5 — KPOHUITENH; 6 — COeAHHUTENbHEIR KaGenb; 7 — KOXYX; 8 — tenzo-

M30JAUMOHHEIR 3KkpaR; 9 — paGouuft TepmopesncTop CT3-29; 10 — YIOUHA TepMope-
3ucrop CT3-29.

BpEMEHHBIX H3MEHEHMH TeMrnepaTypel OKpyxKalomed cpens. IIpeo6paso-
BaTe/lH NOAKIIOYAIOT K M3MEPHTeNIbHOMY GJIOKY ¢ noMoubio rHOKOro xa-
Genis1, IPOBOZa KOTOPOTO C OXHOM CTOPOHE! NPHCOEIHHSIOT K COOTBETCTBYIO-
UM BRIBOZIaM T€DPMOYYBCTBHIEJbHBIX 3JIEMEHTOB, a C APYrOi — K OIHONO-~
JIIOCHHIM IITEKKepaM. PaccMoTpeHHasi KOHCTpyKums obecneyHBaeT BO3-
MOXHOCTD BKJIIO4eHHs TepMucTopa B TpakT CBU 1 H3MEpHTENbHYIO 1enb.
CBY xapaKTepHCTHKH TEPMHCTOPHHIX BCTABOK KOHTPOJHPYIOT B MpoIecce
NPOH3BOACTBA M TIO3TOMY HX 3aMeHsiroT Ge3 mnojperynHpoBKH. IIpeoGpaso-
Batesii M5-40 — M5-45 nepexpriBaioT [HanasoH yactot ot 5,64 10 37,5 I'i.

Jlns u3MepeHHs! MOWHOCTH B MH/UTHMETPOBOM JMArNa3’oHe IPHMEHSIOT
ngeo6pasoBatenu M5-49 u M5-50 (prc. 2.28) co crneuHanTbHBIMH TepMHCTO-
pamu CT3-29 umsuuapuyeckodi popMb, HMEIOMHMH KECTKHE IONYCKH Ha
nauHy ¥ nunametp. FaGounit TepMHCTOp 9 MOHTHDYIOT HEMOCPENCTBEHHO Ha
KOHIE IUIaBHOro nepexona. Ms-3a manbix pasmMepoB BoMHOBOAZ I 4acTh pa-
Gouero Tesa TEPMHCTOPa pacrosaraeTcsi B BOJIHOBOJE, a YaCTh — BO BTYJIKe,
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npA 3ToM 06pa3syeTcsi KOPOTKO3aMKHYTHIfl KOaKCHaJIbHbIfI OTpe3oK. Bryi-
Ka H30JIHPOBaHa OT KOpHyca CJIOISHOH NPOKJIafKoH, 4To obecneyHBaer
BKJIIOYEHHE TePMHCTOPa B CXeMY MOCTa IOCTOSTHHOTO Toka. BosHoBox npe-
ofpasoBaTesisi H3TOTOBJIH Me\OJOM TajbBaHOMJIACTHKH M HMEeT CO CTo-
POHBI BXOA2 TOHKOCTEHHBIH YYaCTOK JUisi YMEHbIIEHHs BIMSHHS CKauyKOB
Temneparypsl Ha ¢uanue. Ha ero Kopmyce pasmeueH BTOpoi TepMOpesH-
crop CT3-29 (10), ucnonbayeMuiit pH pabote npeofpasoBaTesisi B CXeMax
€ TeMmeparypHoil KomneHcanwmei. B npeoGpasoparensx M5-40 — M5-45,
Mb5-49 u M5-50 npepycmorpeHa BO3MOXKHOCTD YCTAHOBKH TEPMOKOMIIGHCA-
IIHOHHBIX TEPMHCTOPOB IPYroro Tuna, Hanpumep MMT-9 Ha cayuait pa-
6otel ‘¢ MocToM M4-3,

K mepocratkam npeofpasoBateneli M5-49 u M5-50 cienyer oTHectH-
TO, YTO 3aMeHsTb paGoyne TEPMHCTOPH MOXKHO TOJBKO B CIIeLAIH3HPOBAH-
HBIX JlabopaTopusX Wik Ha 3aBoje-u3rotoBurene. Kpome Toro, 3TH npeo6-
pasoBaTe/IH HMEIOT CPaBHHTENLHO HH3KHHA KO3(pGHIMEHT 3(peKTHBHOCTH
H NOBHIIIEHHYIO YYBCTBHTENBHOCTh K BHELUHHM TEIUIOBLIM BO3JIEHCTBHSAM.

ConpoTuBiieHre TepMHCTOPa Ha MOCTOSIHHOM TOKE CYLIECTBEHHO OTJIH-
yaercs 0T conporubieHus Ha CBY, ocoberHo Ha wactoTax cBbime 5—7 [T,
CreneHb pa3HyHsi 3aBHCHT OT KOHCTPYKLWMH TEPMHCTOpa H CBOJCEB MaTe-
pHasa, H3 KOTOPOIrO OH H3roTOB/IeH, I[Nl JOCTHXKEHHs! COIVIaCOBAaHHA CO-
NIPOTHBJIGHHE TEPMHCTOpPa TOCTOSHHOMY TOKY (pafodyee COMPOTHBJICHHE)
TIPUXOANTCH YCTaHABJHBATh 3HAYHMTEJBHO OTJIHYAIOLMMCS OT XapakTe-
PHCTHYECKOrO CONMpPOTHBAGHHs! JMHHH Tnepejayd. Tak, AJs KOAKCHANb-
Hoft smuum 50 OMm pabouee conporuBnenue Tepmuciopa CT3-18 cocrap-
asietT 50—100 0w, a 17151 BOJTHOBOAHEIX TpeoGpa3oBaTeell ¢ XapaKTepHCTH-
YeCKHM conpoTHBJeHneM Tpakta 100 OM B MecTe BKJIIOYEHH ST TEPMHCTOpa —
200 — 400 Om. Ha npaktike npHHST cienyiomuit psn paboyHX conpoTHB-
srenuii: 50, 75, 100, 150, 200, 240, 330, 400, 500 OmM.

23.4. 4 ™

« B GonoMerpuyeckHX M TepMHCTOPHBIX IpeoGpa3zoBaTeNsiX B TOH HJIH
HHOJi Mepe MpPOSIBJIAETC HeSKBHBaJeHTHOCTh 3amelieHuss CBU mowHocTH
MOM[HOCTBIO MOCTOSIHHOTO TOKa HJIM NEPEeMEHHOr0 TOKa HH3KOH 4acTOThl
[39 — 45]. Tak Kak H3MepHTENEHBIE YCTPOHCTBA BATTMETPOB KamHOPYIOT
MO 3aMeIAromel MOUHOCTH, TO HeIKBHBAJIEHTHOCTb 3aMelieHHsi — 3TO
HCTOYHHK BO3HHKHOBEHHs IIOTpelIHoCTH npu u3mepeunu CBY moluHocTH.
HeskBuBaseHTHOCTL 3aMeleHHsi MOXeT OuTh 0GYC/IOB/IEHa: pasJHd-
HbIM pacnpeneneHneM CBY MowHOCTH H 3amewaiomesi MoIHocTH B paGoueM
Tesie TepMucTopa (60J0MeTpa), a TAKKE MeXAY BHIBOLAMH TEPMHCTOpA H
ero paGoyuM TesoM; 06pa30BaHHEM TEPMO-3. J. C. B TEPMHCTOpPAX; NOTEp -
mu CBY MoIHOCTH B pazbeMax, repejiatomeli IMHUH U Ha H3JTy4eHHe.
Vi3-3a pasnmynoro pacnpegeneHuss CBYU mommocTH M 3aMematomei
MouHocTH B paGoyeM Teste GosMoMeTpa (TepMHCTOpa) pacrpeesieHHe TeM-
neparyp no JJIHHE M CeYEHHIO JEMEHTa Pa3IMYHO. DTO TPHBOLMT K He-
PaBEHCTBY M3MEHEHHI CONpOTHBJIEHHsS GonoMeTpa (TepMHCTOpa) Moj BO3-
nefictereM CBY MomHOCTH M 3aMewaiomei MOMHOCTH OIMHAKOBOTO YpOB-
Hs1. [IoCKObKY M3MePHTEJIEHOE YCTPOFCTEO B NPOLECCe H3MEPEHHE TIOAIEp-
JKHB2€T COMpOTHBJIEHHE TEPMHCTOpa NOCTOSHHBIM, 3KBHBAJIEHTHOCTEB 3a-
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MEeWeHHsl He sABnsieTcs NoaHoH. HeskBHBa/NeHTHOCTb, 06yC/IOBIeHHAs Pas-
JIHYHBIM pacnpenenenseM CBY MouHoCTH 1 3aMemaronefi MOI{HOCTH BLOJb
pafoyero Tena, HCCIENOBAaHAa TEOPETHYECKH M SKCIEpHMEHTaJbHO [39].
Iokasaro, yTo An1s NIATHHOBOTO GOJIOMETpa OHa He mpeBhiaeT 2% BIVIOTH
N0 MHJIJIHMETPOBBIX BOJIH NPH AJuHe 1 MM 1 fnametpe 1—3 MkM (puc. 2.29).
Cuiefryer OTMETHTD, YTO NMPH HCIOJNB30BAHHH BaKyyMHPOBAaHHbIX GOJIO-
MEeTPOB BO3HHKAIOT 3HAYHTENBHO GOJIbILKE MOrPEIIHOCTH, YeM NPH HCIOMb=
30BaHHH GOJIOMETPOB TAKHX e Pa3MEpPOB, HO OXJIAXKAAEMBIX I1yTeM KOHBEK-
uHd. 310 OGYC/IOBJIEHO napaGONHYECKHM pacnpeneeHHeM TeMIepaTyphl
BIOJIL HUTH GomoMeTpa B Bakyyme. Heckonbko Gosbiue HeSKBHBAJIEHT-

HOCTb NPH HCIOJB30BAaHHH TepMHCTOPOB [38].
HesKBHBaJIeHTHOCTL 3aMeIEHHs!, BHI3BAHHAS Das/HYHBIM pacripelie-
seHueM MouwHocrelt CBY “u 3amemartomeil mexay BHIBOZAMH TepMHCTOpa
. U erd paboYHM TeJIOM NpUGIHKEH-

. HO paBHa
L/2 y P p
- Y 8s=——-—2—100%, (2.25
5 / ? Riot-rs ? ( )
G 4 .
R ,/ rge ry, Ry — aKTHBHOE COIpO-
a3 THBJIEHHE BBHIBOJOB 1€PMHCTOpPA U
4 L LHT1 paGoyero Tesa Toky CBY cootBet-
B nozpeut-
a1 Hocqn’/,lﬂﬂsgﬁme 2% ,a? | CTBEHHO.
7 ,00 S0 777 Ilpu stoM npexpmonaraeics,

yto CBY MowmocTs, paccerBa-
Puc. 2.29. 3asucumocts™nunsi mutn Gono- CMaA B BHBOLAX, HECYIIECTBEHHO
Merpa, BHIDaXeHHOW B (IMHax ®omi, or- BJIMSIET HAa TeMmnepatypy paGouyero
ero JHaMeTpa NpH IOrPelrHoCTH 29%. Téna, a TakKXeé YTO CONpOTHBIIE-
HHE BBHIBOJIOB Ha NOCTOSIHHOM TOKE
npeHe6peKMMO Masio N0 CPaBHEHHIO C CONpOTHBIEHHEM pa6oyero Tesna.
Bocnonb3oBaBLIHCE  3KCIEPHMEHTAJIBHO YaCTOTHOM 3aBHCHMOCTBIO akK-
THBHOIO CONPOTHBJIEHHs! paboyYero Tella W ONpeleNHB aKTHBHOE COMpO-
THBJIEHHE BLIBOJIOB TEPMHCTOPA 7'y, MOXKHO pPacCYMTaTh BEIHYHHY HESKBY-
BanenTHocTH. OHa pocturaer 3HauenHsi —1,3% ua vacrore 10 Ty npu
JUaMeTpe IUIATHHOBHIX BHIBOIOB 25 MKM, HX CyMMapHOii miume 1 MM u
COMPOTHBJIGHHH TEPMHCTOPa Ha MOCTOsIHHOM Toke 50 OmM.

Ilpu namepennn CBY MOmHOCTH ¢ HCNONTb30OBAaHHEM TEPMHCTOPOB MO-
JKeT BO3HHKATD MOTPEINHOCTh HEeSKBHBAJIEHTHOCTH 3aMEIIEHHs, BLI3BAHHAS
neficTBHEM TepMO-3. 1. €., 06pa3yeMoil Ha BHIBOZaX TepMucTOpoB. OnHako
BJIMSIHHE TEPMO-3. Jl. C. Ha NOrPEIIHOCTD H3MEPEHHs IOCTATOYHO MaJIo i JUIsi
npH6OpoR 06wero NpHMEeHeHHs MOXKeT He YYHTBIBAThCsl. SKCIepHMEeHTab-
Hasl IPOBEePKa NOKa3bIBaeT, YTO abGCOMIOTHOE 3HayeHHe TepMo- 3. X. €. [o-
CTHIaeT eHHHI] MUJIHBOJIET.

[MorpelHocTh H3-32 HE3KBUBAJIGHTHOCTH 3aMelieHHsi, 0OYC/IOBIeHHas
notepsimi CBU MomHOCTH B pasbeMax, cTeHKaX nepelaolmeli JIMHHE | Ha
H3Jy4yeHHe, CYIECTBEHHO 3aBHCHT OT KayecTBa KOHTAKTOB H MeXaHHYe-
CKHX COGNMHEHHIH H MaTepHala, M3 KOTOPOro H3rOTOBJIEH OTPE30K nepe-
naomeil JHHHH. C POCTOM YacTOTRI 3Ta COCTaBJSAIOMWAS MNOTPELIHOCTH
HEIKBHBAJIEHTHOCTH TAaKXe PACTET H B KOPOTKOH YaCTH MWJIJIEMETPOBOrO
JIHAIa30Ha MOXeT JOCTHTATh HECKONBKHX JECATKOB NpPOUEHTOB.
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EcTb ellie OHH HCTOYHHK HESKBHBAJIEHTHOCTH 3aMEIIEHMs, NPHCYIIHE
TOJIBKO NpeoOpa3oBaTesisiM C JIBYMs TEPMOUYYBCTBHTEIbLHBIMH 3JIEMEHTAMH
[41, 42]. Kak yKe yKasbBaJoch, B 3THX NPeoGpas’oBaTedsiX TePMHCTOPH
BKJIIOYEHH B LENb NOCTOSIHHOTO TOKa nocaefoBatensHo, a CBY — napai-
genbHo. Takoe BKIOYEHHE NPHBOAKT K TOMY, 4YTO NPpH MOCTYTJIEHHIT MOLL-
Hoct CBY Ha TepMHCTOpHI, 061ajaiolHe pasHYHOl YYBCTBUTEIBHOCTDIO,
H 3aMemeHHH ee MOLIHOCTBIO NOCTOSIHHOIO TOKAa COMPOTHBJIEHHE KaMKIOro
U3 TepMHCTOPOB H3MEHSETCHA OTHOCHTEJIBHO NEPBOHAYAJBHOrO: OJHOIO
B [OJIOXKUTENbHYIO CTOPOHY, 2 JIp yTOro— B OTPHLATeNbHYIO. 3TO NPHROLKT -
K HEeIKBHBaJIEHTHOCTH 3amemenusi. [lpenanoaras, 4To 4yBCTBHTEIBHOCTH
I Kaxnoro U3 tepMucropoB Ha CBY 1 Ha MOCTOSIHHOM TOKe OMHAKOBaA,
JAHHYIO COCTaBJISIOULYIO HE3KBHBAJIEHTHOCTH 3aMEUEHHA B II€PBOM IIpH-
GJIHXXEHHH MOXKHO OTIPeNe/IHTh BHpaXKeHHEM

8K, = (1/St3—1/S:3) ARyo/ Pcpy,

rae Sy, S5 — YYBCTBHTEJIBHOCTb TEPMHCTOPOE, Om/MBT; AR, — u3-
MeHeHHe CONMPOTHBIEHHs KaXOro TepMHCTOpa B npolecce 3aMerieHHst, OM.

C yBelnueHHEM H3MepseMOil MOW{HOCTH HE3KBHBAJIEHTHOCTL 3aMelle-
HMsI TEPMHCTOPHHX NpeoGpa3oBaTteneil ¢ JIByMsi TEPMHCTOPAMH pacTeT, a
Iist GoloMeTpHUeCKHX yMeHbInaetcsi. B ¢opmyie (2.26) He yuTeHa "actoT-
Hasi 3aBHCHMOCTH aKTHBHOTO CONPOTHBJEHHSI TEPMOYYBCTBHTEBHHIX 3JIe-
MEHTOB, KOTOpasi ATsi Pa3H4YHBIX TEPMHCTOPOB MOXKET 3aMETHO OTJIH-
YaThbCsl.

HeskBHBaNeHTHOCTb, OGYC/IOBIEHHYIO H3MEHEHHEM YPOBHSI MOUI-
HOCTH, MOXXHO YMEHBILUHTBH, HCIOJb3Ysl TEeIJIOCBSI3aHHBIH CIBOGHHHI Tep-
mucTop (cM. puc. 2.22). Ipu 3ToM BenegeTBHe 3HAYHTEIBHOMH TEIIONPOBO-
HOCTH MaTepHajia TEPMHCTOpPa CTElleHb Pa3orpeBa 3/€MEHTOB NepecTacT
3aBHCETDb OT pPacrpelesieHHsi MOIHOCTH MeXAY HHMH.

Ananu3 HCTOYHHKOB HE3KBHBAJIEHTHOCTH 3aMEHeHHs MOKa3blRaeT,
YTO B 32BHCHMOCTH OT JHanasoHa 4acToT X ypoBHs u3Mepsiemoit CBY mom-
HOCTH HE5KBHBAJIEHTHOCTb MOXXET GHITh CYILECTBEHHOH M NpH H3MepeHHSX
ee HeoGxomuMo yunTHBaTh. C 3TOH 1e/1b10, KaK yke GblIO OTMEYeHO, BBe-
e koabouunent sddektHBHOCTH K, (HIIH 3¢deKTHBHOCTD):

Ky = Paau/PcBu. (2.27)

Koadduuuent 3¢dexTHBHOCTH  ONPENENIAIOT C MOMOIBI0 06pa3IOoBLIX
cpecTB — KalnOpaTopoB MomHocTH. OGLIMHO €r0 H3MepsiiT NPH yPOBHE
MowHocTH okodio 1 MBT. Korza HesKBHBaJIeHTHOCTR 3HAYHTEJBHO 3a-
BHCHT OT YPOBHS MOLIHOCTH, K, H3MEDAIOT NPH HECKONBKHX YPOBHSIX.

(2.26)

2.3.5. MamepHTenuHbie 6NOKH BaTTMETPOB

INpoctefinM H3MEPHTENBHBIM GIOKOM TEPMHCTOPHOTrO MJIH GOMOMeT-
PHYECKOrO BaTTMETPa SIBNSETCS PE3HCTHBHHIN MOCT YuTcrona (puc. 2.30),
B OJHO M3 TUIEY KOTOPOTO BKJIIOYEHO CONMPOTHBJIEHHE TEPMOYYBCTBHTEJIb-
HOTO 3/€MEeHTa (HanpuMep, TePMMCTOPa) MPHEMHOTO npeobpa3oBaTelis.
Tepmuctop Ry ONHOBPEMEHHO BKJIIOUEH B JIHHHIO Nepelaull KakK OKOIICH-
Hasi Harpy3ka. CONpOTHBJIGHHsi PE3HCTOPOB OCTAJNIBHHIX MJIed MocTa R,
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R2, R 3 nonbuparot TakuMu, 9100k Iipy GanaHce MOCTa TepMHCTOp o6Janan Taksy 08pasoM, cONPOTHBIEHHEe TepMHCTOPa B MPOIECce HMEPEHUS MOf-
3a/laHHBIM 3HaYeHHeM CONPOTHBJIEHHsi IOCTOSIHHOMY TOKY. Banancupylor nepxupaercs nocrosiHHeM. [Tpotiece nameperns CBU mowwocery ceogptes
MOCT € TIOMOIIBIO NEPEMEHHOTO CONPOTHBIEHHA R,, PEryJHpYs BeJHUHHY K ONPEAETIEHHIO H3MEHEHH s MOLHOCTH TIOCTOSIHHOTO TOKd, T. €.3aMellaio-
TOKa [THTaHHS MOCT4 H COOTBETCTBEHHO TEILIOBOI PeXXHM TEpMHCTOpA. e MOLIYHOCTH.

[pu noxmeenenun K TepMuciopy CBU MouwHOCTH OH JOMO/THHTENIBHO I/chégrﬂ K3 TPEeNoJIoKeHHs1 06 S5KBHBAJIGHTHOCTH TEMNJIOBOTO BO3LEii-
pasorpeBaercsi, B pe3yJbTaTe Yero CONPOTHBJEHHE TEepPMHCTOPa H3Me- crBus Ha tepmucrop momuocTefi CBU M NOCTOSIHHOrO TOKa, NMMTAIOMIEro
HfI€TC Ha HexoTopoe 3HayeHHe AR.. Bananc Mocta Hapywaercs. Benn- MOCT, MOXXHY 3anmucatb )
yHHy pasbanaHca MHAMIHPYET raJbBaHOMETD, BK/TIOCHHEI! B JaroHa/Ib “\ Pcpd = Poaw = (Il — I3) Rys, (2.29)
mocta. Ilpu ManoM pasGanaHce COXpaHAETCs JIHHEHHas 3aBHCHMOCTD MEX-
1y BeTHYHHOH TOKa B HarOHAJNH MOCTa M U3MEHEHHEM COIIPOTHBJIEHHS Tep- rze I;, I, — ToKH, NpPOTEKAaIOLKE Yepe3 TePMHCTOp, NPH HAayaJbHOM Ga-

MHCTOpa, a caefiopaTenbHo, u CBU JaHce mocta H npu noxave CBY mowHoCTH, T. €. noc/ie noBTopHoi GanaH-
MOLIHOCTBIO, BHI3HBAIOWIEH 3TO H3- CHpOBKH; R;» —\ CONpOTHBJEHHE TEPMHCTOpa Npu GajaHce MocTa.
MeHeHue, T. €. B ciyuae, Korjla HenoCcpenCTBEHHO H3MepAIOT 1 u I, H 3TH TOKH MaJjio
Pcpu = kI, (2.28) pas/IHyaloTes, TAKOH crnoco6 ONpeNeNneHns 3aMealomesi MOIHOCTH HMeeT
HH3KYIO TOYHOCTb.
rae  k — xosdduuHEHT mnpornop- Bosee Bricokyio TouHOCTb ofecneunBaeT crioco6 H3MEPEHMs] TOKa Ha-
UHOHAJIBHOCTH; [, — TOK B JHa- yajbHOro GasaHca Mocta [; M BEJIHYHHB H3MEHEHHS 3TOro Toka AJl =
FOHAJIH MOCTa. = I, — I, nocae noxayn CBY mMowocTH.
Koapduiment k£ MoxHO oripe- Bripasus /, B popmyae (2.29) uepes I; u Al, nonyunm
Jeauts Ha CBY, noctosiHHOM TO- Pcay = Py = (21, — Al) AIRp. (2.30)
Puc. 2.30. [Ipumenenne Mocra VYurcrona K€ MM NEPEMEHHOM TOKE HH3KOH :
IS M3MEPeHUs MOLHOCTH. uactotel. [lpn u3BecTHOM 3Hawe- Takum 0Opasom, NpH NOCTOSHHBIX 3aJAHHBIX 3HayeHHAX [y W Ry,
HHM k 1LIKany ranbBaHOMeTpa BeMMUMHL Pcpy # Al CBS3aHE BIONHE ONPELENEHHOH 3aBHCHMOCTHIO,
MOXHO  [pOrpajyHpoBaTh B €NHHHLUAX  H3MEpsieMOi  MOLIHOCTH. 1 pu6Op, perHCTPHPYIOLIHIT Be/IHIHHY TOKa Al, MOXeT OuiTb OTrpanympo-

Ipocteiinyio cxeMy B HacTOAIIEE BPEMsi IPHUMEHSIIOT TOJBKO IS HH- BaH B equHuilax CBY mommocTy. .

I JIMKAUMH MOLIHOCTH WJIH NMPH OTHOCHTEJBHBLIX M3MEPEHHSIX, TaK KaK OHa OpHako Ha NpaKTHKE BeJIHYHHA TOKA HAYaJbHOTO GanaHca He MocTo-
HMEET CYLIECTBEHHBIE HEJIOCTATKH: siHHa. OHa 3aBHCHT OT XapaKTePHCTHK TEPMHCTOpa, TEMIEPATYPHl OKpY-

— KO3(HUMEHT K 3aBHCHT OT TeMNepaTypsl OKDYKAIOWeH Cpexsl KaloweH cpeapl, yCIOBHI TENIOOOMEHa TEDMHCTOPA C OKDYXKAIOWEH cpe-
H cMeHbl TepMHcTopa (6osomeTpa). H3BecTHO, 4TO 4yBCTBHTENBHOCTD MO- zo#i. YTobb ofecriedutTh OHOSHAYHOCTH 3aBHCHMOCTH Pepy = [ (Al), ~
CTOBOH CXEMEI NPSIMO 3aBHCHT OT MOLIHOCTH, MOABOAMMO# K Hel. Tak kak BHIOHPAIOT TAaKyl0 CXeMy, NpH KOTOPOH B MOMEHT HauyaJbHOIO GajaHca
corfDOTHBI/IEHHE TEPMHCTOPZ MEHSETCS ¢ M3MEHEHHEM TeMIIepaTyphl OKpY- MOCT2 Yepe3 TePMHCTOp NPOTeKaeT NMOCTOSHHHIA TOK 4, HECKOJIBKO MeHb-
Kawomel Cpefibl, TO MeHseTCsl H YPOBEHb MOLLHOCTH, HPH KOTOPOM MOCT wni Toka [y, TPH KOTOPOM CONPOTHBJIEHHE TEPMHCTOPA CTAHOBHTCH PaB-
Ganancupyercs. B CBf3M ¢ 3THM MeHSIETCsI YUYBCTBUTEJNBHOCTb H, CJEIO0- HbIM paGoueMy, a TaKXKe PeryJHpYeMbiii nepeMeHHbH TOK HH3KOH 4acTo-
BaTeNbHO, Ko3dduiHeHT k; Thl. MOIHOCTBIO NEPEMEHHOrO Toka, pasBHoO# (IT — I3) Ry, conpoTue-

— MaJbi JHHaAMHYeCKHi InHana3oH — 10 2 MBT. JluHamuyeckuil gua- JIEHHE TEPMHCTOpa JOBOLHTCS ZI0 pabOYero H MOCT OKa3hBaeTcsl cOaaHCH-
11a30H 32BHCHT OT YPOBHS pacceHBaeMOii TEPMHCTOPOM MOUIHOCTH [TOCTOSIH- poBaHHLIM. BrIXosHas MOILIHOCTL reHepatopa NepeMeHHOrO TOKa HH3KOH
HOTO TOKa, TNpH KOTOpOii HacTynaeT GanaHc Mocta. UeM Brillle YPOBEHb, TeM 4acTOThl TPH 3TOM JIO/KHA OwiTh Gosee (/f—I3)R,e Bo Beem HHTepBaJe pa-
Gosbllle IMHAMHYECKHH NHANa30H M3MepsieMbiX MouiHocTell. MoxHO moka- GouHX TeMnepaTyp C JIOOLIM H3 HCIONb3YeMbIX B yCTPOHCTBE TEPMHCTOPOB.
3aTh, YTO HEJIHHEHHOCTb H3MEPHTENbHOro 6/I0Ka He npeshiuaeT 5%, ecin B ornenbHEIX ciyyasx GamaHC MOCTa PErHCTPHDYIOT B HENH HH3KO-
HayajibHasi 6aJlaHCHPOBKa MOCTa HACTyIaer NpH ypOBHE MOIHOCTH Ha Tep- YaCTOTHOTO TOK2, @ TEPMHCTOP NOTIONHHTENBHO HATPEBAIOT NOCTOSHHBIM
MHcTope He MeHee 8 MBT, a2 H3MepsieMasi MOIHOCTD He mpeBhilliaer 2 MBT; TOKOM. -

— crenenb corytacoBaHusi ¢ CBU TpakToM 3aBHCHT OT YPOBHSI H3Me- PaccmorpiM cnocoGsl u3MepeHnus Toka AJ.
psEMOii MOIIHOCTH, TaK KaK B 3aBHCHMOCTH OT €€ BEJHYHHHI H3MEHsieTCst 1. Hcnonb3oBaHHe CXEMBl CDaBHEHMsI € ONOPHBIM HaIp sDKEHHEM
CONPOTHBJIEHHE TEPMHCTOPa, Harpyxatomero CBY Tpakt; {puc. 2.31). Mi3sMepHTENBHBIH MOCT HHTAeTCS OT HCTOYHHKA [OCTOSIHHOIO

— HEBBICOKAsl TOYHOCTh. TOKa co caepsuedi cxemoil. Havanbnyto Ganancuposky mocta OCYIIECTB-

Ha npakThke pacnipocTpaseHsl MOCTOBBIE CXEMBI € HCHOJB30OBAHHEM JISIOT € MOMOIBIO HCTOYHHKA NIEPEMEHHOTO TOKa HU3KOH YacToTsl. 1IpH Jo-

MeToza 3amemnenusi. OcoGeHHOCTBIO 3TOTO METOJa SIBJSIETCSt TO, YTO JO- CTHKEHHH GaslaHCa, HHIHIMPYEMOro BOJIETMETPOM, HANPSKEHHE NHTAHHSI

, ; TIONTHHTEJIbHBI pasorpes TepMuctopa momocTbio CBY komneHcHpyeTes = mocra U, paBHO HalpsKEHHIO OTIOPHOTO MCTOUHHKA Uyn. Tak Kak ucroy- *
J YMEHBLIEHHEM MOLIHOCTH TNOCTOSIHHOTO TOKa, PacCeHBAaEMOH TEPMHCTOpOM. HHK OIOPHOrO HalpPsKEHHSA BBIIZeT CTaOHJIH3HPOBAHHOE HampsKEHHE,
. 46 47
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TIOCTOSIHHEIIf TOK, (IPOTeKaiomuii Yepe3 TepMHCTOpP, NPH HAYAJBHOM GalaH-
ce MocTa Beerfa Oyner HewsmeHHBIM. Ilocie mogaun CBU mommocyn 6a-
JIAHC MOCTa HapymaeTcsi. Clefsias CHCTEMa HCTOYHHKA IIOCTOAHHOTO
JOKa yMEeHbIUAeT HanpsiKeHHe A0 3Hauenns U§; GasaHc MocTa BOCCTa-
HAB/IHBAETCH. B 5TOT MOMEHT BOJIBTMETp NMOKaXKeT PasHOCTb HappsKEHHH
AU = Uy, — U3, TNPONOPUHOHANBHYIO H3MeHeHHo Toka Al. [lonbaysch

BBIpAXKEHHEM
Pcpy = Py = 21y — Al) AIR, (2.31)
i— Up AU=kAI
+ v U
o on
Ynpabnnemerd ¥ Ry Ry
UCmMOYHUK D Hemoywux
o anoproeo
moxa (204 Hanpsaenun
Ryl
i %‘ s L
c8Y,
e g 4
r
X

Puc. 2.31. CxeMa cpaBHEHHS: C OOPHBIM ‘HaTIPSIKEHHeM.

rne kAl = AU, I, = const, R = const, IWKany npubopa rpaayu-
PYIOT B €IHHHIAX H3MEpseMOH MOLIHOCTH.

2. Henonb3osanne cxeMbl, ¢ NOMOIIBIO KOTOPOHi Ha TEPMHCTOP NOAAeT-
Cs1 BCTpeyHbii TOK (puc. 2.32). Tlepen noxaueit CBU momsocTu TepMHcTOp-

Rs
Ig=k-A1
_ £ |+ E7]—
Hemoywux
Hemovyruk noCmoRHK0e0
nOCmosIHHO20 moxa
moKa -
p [A R |t
N ST |
—_— it

Puc. 2.32. CxeMa C HCTOYHHKOM BCTPEYHOrO TOKa.

Huil MocT M, [47], siBnsrommiics mieyoM Mocta BaTTMeTpa M, Ganagp-
CHPYIOT C NOMOLIBIO HCTOYHHKA MEPEMEHHOr0 TOKa HH3KOH yactotwl. Ipu
5TOM OT HCTOYHHKA MOCTOSIHHOTO TOKa F; yepes TepMHCTOP IPOTEKaeT TOK
I, M3BECTHO! H HEH3MEHHOH BeJHYHMHH. B MOMeHT 6ajaHca Mocta M,
HacTynaer GanaHc MocTa My M KCTOYHHKH TIOCTOSIHHOTO Toka E, W E,
OKa3kIBaioTCsi pasBsisaHHbMH. [locae nogauu Ha Tepmucrop CBY mom-
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HOCTY Gananc MocTa M, Hapywaercs. Uto6s BOCCTAHOBHTB €0, C TO-
MOLIbIO NOTEHIHOMETPA Ha TEPMHCTOP OAAIOT BCTPeUHKiE TOK Af OT HCTOU-
HiKka E,. B MOMEHT BOCCTAHOBJIEHHS GanaHca npHOOp NMOKaXKeT BeHYHHY
TOKa, npornopiwoHaabHyio Al. Tlpu6op rpanyupyior B eqHHHIAX H3Mepsie-
MO# MOILHOCTH COrNIacHO Bupaxenutwo (2.31), rne kAl = [,. -

3. IlynrupoBanue mocta (puc. 2.33). TepMHCTOPHHIE MOCT mHTaeTCs
OT HCTOYHHKA NOCTOSHHOTO TOKZ € BHYTPEHHHM CONPOTHBJIEHHEM, 3HAYH-
TEJIbHO NMPEBOCXOASIIMM CONPOTHBJIEHHE MOCTA: R; 33 Ry.

Tconst
= Y1y =kar
Ry Rz
Hermoyruk
cmadunusu- .
pobBantozo Ru
moKka R,
— 't Rs /
Py 1y N o-’(/
1L | [
41—_' r
=

Puc. 2.33. Cxema ¢ urynroM.

Tlepen nopaueit CBU MOmHOCTH TEPMHCTOPHBI MOCT GanaHCHPYIOT
C MOMOLBIO HCTOYHHKA NEPEMEHHOro TOKa HH3KOH yactorhi. Kuou K npu
3TOM pasOMKHYT. B MOMeHT nepBHYHOro GajaHCa Yepe3 TepMHCTOp Npo-
TeKaeT TOK [, U3BECTHOH H He-
H3MEHHOH BeJIMYHHBI, 3alaBae-
MOH  cTabH/H3aTOPOM  TOKA.
INocne nomayn CBY MommHocTu J—
BKJIIOYAIOT CXeMY KOMICHCAUMH | cmasunusu-

Rnob

(kmoy  3ambikator). Hamene- | pofannoeo

HHEM CONPOTHBIIGHHs IuyHTa |72RPAXeHs] S
BOCCTaHaBJ/IHBaeTcst Gasanc Mo- Poy |y n N al(/
cTa, npu STOM yMEHBIUAETCS TIO- — |1 1
CTOSIHHBIHl TOK 4Yepes TepMu- r
crop. B moment BocctanoBie- A

HUsl Gaslanca npuGOp MOKaxer
senumy Toca, nporopuso- £ 231, s ¢ netommo catumaipe
HaJIbHYI0O H3MEHeHHIO TOKa ue- P wynTOM, oxa

pes Tepmucrop, T. e. [, = Al.

Ionb3ysce Beipaxcennem (2.31), rne /, = const, R, = const,
kAl =. [, wkany HHmHKaTOpa CpalyMpyioT B €IHHHLAX H3MepsieMOoi
MOL{HOCTH.

Ha npakTike pacnpoctpaHela Takke CXeMma, NpHBEASHHAas Ha
prc. 2.34, omHyaomascs OT PaccMOTPeHHo# ( pHe. 2.33) TeM, yro MocT
TIHTA€TCS OT HCTOYHHKA NOCTOSIHHOTO TOKA CO CTAGHIM3HPOBAHHBIM BbIXOLI-
HBIM HaNpsKEHHEM Yepe3 NOC/EeNOBATeJbHO BKJIOYEHHOE CONMPOTHBIICHHE
Ryq6- Hauanbhyio 6anascupoBKy MOCTa OCYIECTBISIOT € NOMOIBIO HCTOY-
HHK2 NMepeMeHHOTO TOKa 3BYKOBOH 4YacToThl. B MomenT nocrymmenus CBY

N
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MOLIHOCTH KJIIOY 3aMLIKZETCS] H MOCT OKa3biBaeTCsi 3allyHTHPOBAHHbIM €O~
TIPOTHBJIEHHEM R, B pE3y/IbTATE YEro YMEHbILACTCS HANP S?KEHHe H3 MOCTe
H COOTBETCTBEHHO TOK B TEpMHCTOpE. M3MeHs st BeTHuHHY R, MOXHQ' yMEHb-
IIHTb TOK B TEDMHCTOpPe H TaKHM 06pa3oM BOCCTAHOBKTH GasiaHC MOCTa.
Ecin B KayecTBe NIyHTa HCIOJIB30BaTh TOYHBIH MHKPONOTEHIHOMETD, TO
€ro LIKaJjly MOXKHO OTKaJIHOPOBATh B €AHHHIIAX H3MEepsieMOl MOIMOCTH, NpH
3TOM He HoTpe6yercsi cnelHasbHbi npubop A1si H3MepeHHs: Toka. Onu-
CaHHasl CXeMa NpHMeHeHa B npuGope M3-1A.
Jl1st naMepeHHs 3aMernaomeli MOIHOCTH IIPMMEHSIIOT K APYTHE CXEMBI,
B KOTOPHIX He TpeGyeTcsi CoXpaHeHHe BEJIHIHH TOKOB HayalbHOro Gasanca
MOCTa H BCIIOMOTATeJBHOrO HCTOYHHKA NEpeMEeHHOro ToRa. K HHM OT-
HOCHTCSI CXEeMa C 3/IeKTPOAMHAMHYECKHM IpHOOpOM. IAEKTPONHHAMHYE-
ckuit npubop (puc. 2.35) umeer 1iBe HENOABHAKHEIE OOMOTKH @, Wy H OAHY
NoIBUAKHYIO (paMKy) wz. OOMOTKH @y H W BKJHO-
YeHp TAKHM O0pa3oM, YTO IPH IPOXOMKAEHHH Ye-

VJ pe3s HUX TOKa MATCHHTHBIE NOTOKH CYMMHpYIOTCSI.
Yros OTK/IOHeHHs! paMKH npubopa paBsex
w:
L Ly z Oy = k0 (Igwy + Tiwy).  (2.32)

( : Ecan uepes paMky niporyctiib Tok A/, a yepes
HEMoABHXKHbE OOMOTKH TOKH [; ¥ [y = I, — Al,

Puc. 2.35. Cxema quHa- TO TOKa3aHHsi npuGopa GyAyT nponopUHOHAJbHH

MHYECKOTO  BATTMETPA.  MOIHOCTH 3aMEINEHHUS (H3MEPHEMOH MOIIHOCTH):

Ogen = kAfwg [y + (I — Al) w,l = kAIwglI(w;, + wg) —
—Alw,). (2.33)
Ilpy w, = w, = W

Oy = kAIws (21 — Al) w = wwsP oy, .

rie Puay = (21, — Al) Alk.

B coBpeMeHHEIX npubopax Gananc Mocta npu noxaye CBY mouHoctn
BOCCT2HABJIHBAETCS 2BTOMATHYECKH C HCIOJIb30BaHHEM CEASALHX CHCTEM.
Takue npu6opsl Ha3LBaKOT caMoGanancHpyomuMucs. OTCYeTHEIE YeTpOli-
cTBa camoGasiaHCHpYomuXcest NPpHGOPOB, KaK NPaBHIIO, NPSAMOINOKASHBAIO-
1pe, T. e. OTrPajyHpOBaHL B EIHHHUAX H3MepseMo# MomHocTH. Havaib-
Hasi 6anaHCHPOBKA MOCTa NpH OTKJiodeHHOH MomHocTH CBY Takxke MOxeT
BBINOJHATECS ABTOMATHYECKH C HCIIOJIb30BAHHEM CJIENSLIEH CHCTEMbI C
3JIEKTPOHHOH NaMATBIO.

2.3.6. Cxembi HbIX c Tep

OpunM U3 GaKTOpPOB, CYIIECTBEHHO BJIMSIOMMX Ha TOYHOCTH TePMH-
cropHbIX (6OJOMETPHYECKHX) BATTMETPOB, ABJIsETC (QUIyKTYyauus Temme-
patypsl OKpYyXatwolei cpefisl. YuHTHBast, YTO NPHMEHSEMbLIE HA NPaKTHKE
TEPMHCTOPHI HMEIOT NocTosnHyio paccesus 0,1 — 0,3 MBr/rpag, a kone-
GaHus TeMIIepaTyphsl B poliecce H3mMepernit Hepeako coctanistior 1° C u Go-
JIee 3a 4ac, MOKHO KOJIHYECTBEHHO OUEHHThb 3TO BJMSHHE. ¥YMHOXMB MO-
CTOSHHYIO paccesiHHsi Ha H3MEHEHHe TeMNepaTyphl 3a BpeMsi H3MepeHHs
(uanpumep, 0,5 mum), HafiZleM BeJquuuHY Kaxymerocsi uameHeHusi CBU
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MOILIHOCTH 32 BpeMsi mamepeHmii: hpe Af° = 0,3.1/120 = 0,0024 mBT.
Orcroga cienyer, Yro npu H3MEPEeHHH MOLIHOCTH MaJbiX YpOBHEH Heo6-
XOIHMO" YMEHBIIATh BJIHSIHHE TeMrepaTypsl okpyxatowel cpensl. C sToft
[eTbI0 MPHMEHSIOT TEPMOKOMIEHCALIHIO H pexKe— TePMOCTaTHPOBAHHE NPH-
eMHBIX npeoGpa3zoBaTesiefi. Jlysi TepMOKOMNEHCALMH, KaK NpPaBHJO, HC-
0Jb3YIOT OMOPHBIE (KOMMNEHCAIIHOHHBIE) MOCTH, B KOTOphie BBOJAT ONOP-
HBIH TEPMHCTOp, HAEHTHYHHI pabouemy.
\

Hemoyruk b
moKa co, Pabovud
cnedqued [ mocm
cucmemod
Omevemusid
npubop
Hemoywuk  — .
moka co Onopnetu
cnedaued [ mocm
cucmemod ’
= K

Puc. 2.36. Cxema caMoGalaHCHPYIOIIETOCS MOCTA NOCTOSHHOTO TOKA ¢ TEPMOKOMIIEH-
canues.

B cxemy camoGanaHcupyiomerocsi Mocta (puc. 2.36) BXoasT IBa CHM-
METPHYHEIX MOCTa — pabounii i onopHeifi. 062 MOCTa NMUTAIOTCS OT CaMo-
CTOATENIbHBIX HCTOYHHKOB, HMEIOIHX CHCTEMBI CJIEXKEHHSI H aBTOMAaTHYECKH
noAepKuBatouX Gananc MoctoB. TOKM NHTaHHsI MOCTOB, HPOIOPIHO-
HaJIbHBIe TOKaM B paGoyeM M ONOPHOM TepMHCTOpaX, IPOTEKAIOT Yepe3
OJINHAKOBBIE 00pa3iOBkIe NOTEHUHOMETPE! Ry U R, 3aTeM Yepe3 HeroBHIK-
Hple OOMOTKH OTCYETHOTO 3JIEKTPOAWHAMHYECKOro npubopa B TAKOM Ha-
NpaBJieHHH, YTO BOSHHKAIOI(HE IIPH 3TOM MarHHTHHIE TOJISi CYMMHpYIOTCSL.
Ilpu aGcomoTHOM HMIEHTHYHOCTH XapakTEPHCTHK paGouero M OIOPHOro
TePMHCTOPOB 3TH TOKH PaBHH. B 3TOM ciyyae moreHumann B Toukax A
H b npu OIMHAKOBOM TOJIOKEHHH IIOTEHIMOMETPOB Ry M R, GyiyT PaBHHI
H TOK B NOABHXKHOH 0OMOTKe NpuGopa paBeH HYJIIO.

Iocne nopaun CBY motHocTr Ha pabouuii Tepmuctop 6anance pabouero
MOCTa HapyulaeTcs M HanpspkeHue pasbanaHca, BO3HHKAIOWEE B HYJEBOH
ZHaroHaJi, MOKAETCH Ha PETyJATOp TOKa MCTOYHHKA NMUTaHHs, U3MEHSIO-
LHA ero BEJIMYHHY IO BOCCTAaHOBIEHHs Gananca. Beaenersue storo B TOU-
Kax A u B TOfBHTCS PasHOCTb NOTEHUMAJIOB H B TIOJABHIKHON OOMOTKE
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3MeKTPOIUHAMHYECKOTO NpHGOpa BO3HHKHET TOK, NMPONOPUHOHA/BHEIA H3-
MeHeHH!0 Toka B paGoyem TepMucTope A/, 2 B HeNOIBHKHO¥ OGMOTKE, CBsl-
3aHHOH €O CxeMOH nMTaHHsi paGoyero MocTa, TOK yYMEHBIUMTCSI H CT2HET
nponopuuoHaibHeM Toky Io — Al (I, — Tok B paboyem TepMHCTOpe
npH HauaJabHOM GanaHce mocTa). B pesynbTaTe B3aHMOAGHCTBHSI MarHHT-
HBIX TOJIeH, CO3JaBaeMbiX TOKAMH B NOJBHKHOI H HEMOJBHKHBIX KaTyIUKaX
npuGopa, NONBHXHAS KaTyIIKa [IOBEPHETCS Ha YroJ, MPONOPUHOHABHbIH
npoussenenuto (2/, — Al) Al, T. e. nponOpUKOHAJIBHEIA MOLWHOCTH 3a-
MeIeHHs .

TemnepaTypHasi KOMNEHCAlHsi B NPHOOpE OCYIIECTBISETCH CJIENyHo-
M o6pasom. [1pH M3MEHEHHH TeMIepaTypbl OKpY»Kaiomel Cpelsl ciefs-

Onopwbit,
cm . mocm
Rt; Ry
ri. 1 » A | omcvermioe
Az H 108> cuaxpon- 194 yempodcmBo
i Kanu&pobi HoId
= |
Puc. 2.37. CrpykrypHast cxeMa caMOGanaHCHPYIONIETOCsS MOCTa NepeMeHHOro Toxa ¢
TepMOKOMIEH CalHeR.

Li{He CHCTEeMB! MCTOYHHKOB THTaHHs1 paGOYero K ONOPHOI0 MOCTOB H3MEeH (10T
TOKH NMHTaHHS HACTOJBKO, YTOOH coxpanuics 6ananc moctoB. Ecim Tep-
MHCTOPH MAEHTHYHBl H PACTOJOXKEHH B OZHOM NpPHEMHOM npeoGpasoBa-
Tesie B HEMOCPEACTBEHHOH GJH30CTH, HOBbiE 3HAYEHHS TOKOB MPAaKTHYECKH
6ynyT omuHakoBu. CresioBartesbHO, H TOKM, NpOTEKaroume yepes obpas-
LIOBHI® TIOTEHIIHOMETPH, GYAyT ONMHAKOBLIMH. [IpH 3TOM TOK B NMOXBHAKHON
KaTyIUKe OTCYETHOro npuGopa no-mpexkHemy GyZer paBeH HYJIO H BHIXOA-
HOH MHIMKATOp COXPAHHT HyJIeBOe MoKasaxue. Takum 06pasoM, ¢ OMOIIbI0
ONOPHOTO MOCTa HOCTHIaeTCsi TeMNepaTypHasi KOMIEHCALHsI.

IlocKOMBKY TOKH CMewielHsi paGoyero H ONOPHOTO TePMHCTOPOB MOTYT
orsyathbest Ha 20—30% , B cxeMe NpeaycMaTpHBaKOT BHPABHHBAHHE TOKOB,
TNIPOTEKAKOLHX Yepes MOTEHIHOMETPhI, ¢ NOMOLIBIO NePeMEHHOro pe3ncTopa
R g, IIYHTHPYIOWETO NOTEHIIHOMETP R 5, H COOTBETCTBYOLIHE KATYIIKH 3/IEK-
TposuHaMuyeckoro npuGopa. HenonHast HAEHTHYHOCTH TEPMHCTOPOB MO
‘IyBCTBPlTeJIbHOCTH TNpHBOAUT TaKXKe K HEeHJIEaJbHOCTH TEPMOKOMIIEHCAUHH
¥ BO3HHKHOBEHHIO TeMriepaTypHoro Apefida HyJis npubopa.

[NpuBeneM ewe OXHY CXeMy caMOGasaHCHPYIOLIErOCHA MOCTa C TepMo-
komneHcauueii (puc. 2.37). B 3Toil cxeme B OTJIMYHE OT PacCMOTPEHHOH
(puc. 2.36) onopnuiit  paGoumii MOCTH NMHTAIOTCS OT OCIIErO HCTOYHHKA
NepeMEHHOT0 ToKa HH3Ko# wactoTsl (10 kI'). TepMOKoMNeHcalHsA B TAKOM
npHOOpe OCyLeCTRIsIETCs CenyloumM o6pa3oM. [onmyCTHM, 4TO nocie
Haya/IbHOM YCTAHOBKH HYJsl mMpHGOpa TMOBHICHJIACH TEMIIEPaTypa OKpyxKa-
ronedi cpenn. EC/H TepMHCTOPE! HAXOIATCS B PABHBIX TEIJIOBLIX YC/IOBIfAX,
a HX TeIUIOBHE XapaKTePHCTUKH HIEHTHYHE], CONPOTHBIEHHE KAaXJIOTO
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H3 HHX M3MEHHTCH Ha QIHY M Ty e Benuynny. O6a MocTa pasGanaHcupy-
totesi. Braromapst nosoxutenshoil o6paTHoli cBsi3u paGounii moct Gynet
CTPEMHTBCS K BOCCT2HOBJIEHHIO GanaHCa NyTeM YMEHbIUEHHs MOLIHOCTH
HCTOUHMKA NMHTaHHA. 3TO B CBOIO OYepellb MPUBEAET K YMEHbIUEHHIO MOLI-
HOCTH THTAHHS ONOPHOTO MOCTa, H ero faJianc TaKXKe BoccTaHoBHTCs. B pe-
3yJIbTaTe COXPAHHTCS HYJIEBOE NOKa3aHHE OTCYETHOTO YCTPOKCTBA.

OnncanHbe €nocobel TEPMOKOMNEHCALUMH HE TMOJHOCTBIO HCKJHO4aT
npeiid NoKasaHHiT OTCYETHOro ycrpoiicTBa. IIpH BHEIUHHX TEIVIOBBIX BO3-
IIeHCTBHSX BO3HHKAET MEHSIIOIASICA BO BPEMEHH pasHHLa TeMrepatyp B 06-
JIaCTH KpervieHHst pabouero W ONOPHOTO TEPMHCTOPOB. JTO HPHBOLMT K
npeiidy HyJsi faxe [puU HIGHTHYHHIX TepMHCTOpaX. [IpakTHYeCKH CXeMbl
TepPMOKOMIIEHCAlMH MO3BOJAIOT YMEHbLIHTH jpeii} nokasanus mnpuOopa,
BHI3BAHHLH H3MEHEHHEM TeMINEpaTyprl OKpyKatolleit cpens, B 5—20 pas,
NpPHYEM MAKCHMAJILHOIO YMEHBIUCHHS MOXHO JOOHTBCS moabHpas TepMH-
CTOpHl B Maphl H TONCTPaHBasi TEIVIOBBIE XapaKTepPHCTHKH 1peGpaso-
BaTeseil B LEJIOM.

Y106Kl MCKJIOYHTH BJIHSHHE TEMNEparyphl OKpYKalomeH cpensl,
npHeMHEle npeo6pa3oBaTe BATTMETPOB Takxke TepmoctaTHpyioT. Cyiue-
CTBYIOIHE CXEMH TEPMOCTATOB MO3BOJISIOT CTaGHIH3HPOBATb TEMNEPATYPY
¢ TOYHOCTBIO JI0 THICAYHBLIX JOJEH rpaayca. 3akjioueHHe NMPHEMHOTo mpe-
ofpasoBaTesisi B TePMOCTAT ¢ TakOH cTaGuin3aiHeli TeMnepaTypu obecre-
YHBAET MOCTOSIHCTBO TOKA HayaJbHOro GajiaHca MOCTa BO BCEM HHTEpBaje
pabouux TemnepaTyp M, ClefOBaTebHO, Majblii Apeid mokasaHHH mpH-
6opa. OIHAKO METOJ TEPMOCTATHPOBAHHs HMeeT HelloctaTku. I1pu HeM yc-
JIOKHAETCS KOHCTPYKUHMS MPHEMHBIX npeobpasopatesieli; BpeMsa nporpesa
JIOCTHTaeT 2 4 npM HecTaGHIBHOCTH NpHMEpHO 1 MKBT/MuH. ~

MocToBEIe CXeMbi BATTMETPOB € 6OMOMETPHYECKHMH NPHEMHBIMH Mpe-
o6pa3oBaTeNsiMH MaJ0r0 YpOBHsi MomHOcTH (1o 10 MBT) mpakTuyecku
HHYEM He OTJIHYalOTCsl OT TEPMHCTOPHBIX. [I/Isi M3MepeHHs YPOBHEH MOII-
HoctH cehie 10 MBT MOCTOBRIE CXeMBI HECKOJIBKO YCJIOXKHsOT. H3-3a HU3-
KOH YYBCTBHTENBHOCTH M HeH36exHOro pasfpoca cOnpoTHBIEHMi Goso-
METpOB B IPONECCe HX H3TOTOBJEHMS OKAa3BBAETCs HEBO3MOXKHBIM YCTa-
HOBHTb HauyaJbHBIH GajlaHC MOCTa TpH 3aJlaHHBIX 3HAYEHHSIX NOCTOSIHHOIrO
H NepeMeHHOTO TOKOB HM3KO[ yacToThl. [105TOMy Hapsly € peryJMpOBKOH
MOIIHOCTH /ISl MEPBOHAYAJIHLHOIO NOLOrpeBa GONOMETpa B CXEME Npeny-
CMaTpUBaoT PEryJHPOBKY CONPOTHBJIEHHS TUIeYa MOCTa, CHMMETPHYHOTO
nJjevy, B KOTOpoe BkJioueH Gosmomerp. OnHOBpeMeHHO T H3MEHEHHEM CO-
NPOTHRJIEHHA IUIEYa MOCTa KOPPEKTHPYIOT LENH OTCYETHOTO YCTPOHCTBa,
4yTo6H HE Hapyllalach ero-rpalyHpoBKa.

2.3.7. Muranne TepmMcTOpaA yNbCHBIM

Unpposoit orcuer

B KayecTBe OTCYETHOTO YCTPOMCTBA TEPMHCTOPHBIX BaTTMETPOB AJIH-
TEJIbHOE BPEMsi HCIOJb30BATH CTPEOYHBe NMPHOOPH MOCTOSIHHOIO TOKA.
Cyienyet OTMETHTb, YTO TAKHE OTCYETHBLIE YCTPOKCTBA B HEKOTOPKIX CIyyasiX
BHOCAT B [OTPEIUHOCTH H3MEPEHHI 3HaUHTeNBHO GOJBLIYIO JOJI0, YeM BCE
H3MEpHUTeNIbHOE YCTPOIicTBO. IlpHMeHeHHeM nH(POBOTO OTCYETa MOXHO
CYLIECTBEHHO TOBHICHTH TO4HOCTh. Kpome Toro, um¢poBoii oTcuer Hesa-
MEHHM B TeX CJy4yasX, KOra BaTTMETPLI SBJSIOTCA y3/IaMu 1H(pPOBLIX HH-
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¢opmaronHLIX cucteM. TIpn mpocrefilem crocoGe un(poBOH HHIMKAUMH
B CXEMYy BaTTMETPa BMECTO CTPEJOYHOro mprGopa BBOAST aHAJIOTO-LHGPO-
BOi npeoOpa3oBatelb, 1peobpasyouHil BEIXOAHOE HANpsiKeHHe NOCTOSIH-
HOro TOKa B UH(POBOH KOX, H unpoBoii HHIMKaTOp. Takoe pelleHHe siB-
JIsleTCsl, ONHAKO, He €AMHCTBEHHHIM H He Beerza JyymmM. LlugpoBas HHIH-
KallHsi BO3MOXKHA, HANPHMEp, NPH IHTAHHH MOCTa OT HCTOYHHKA HMITyJIbC-
HOTO HANpSDKEHHs npsMoyroibHoi gopmel [56—64], ympaBasiemoro mo
yacToTe M IJHTENBHOCTH HMIYJbcoB. HeTpynHo nokasate, YTO NpH onpe-
JeJICHHBIX [apaMeTpaX HMIYJECHOTO CHIHasa (aMILIHTYIA, LIHTENLHOCTD,
YacTOTa CJENOBAHHS HMITYJIbCOB), MHTAKOMEr0 TePMHCTOPHBIH MOCT, MOXK-
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— | —
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Puc. 2.38. CTpyXTypHasi CXeMa TePMHCTODHOTO BaTTMeTpa ¢ LHGPOBHM OTCYETOM.

HO JIOCTHTHYTB COCTOsiHHs GanaHca. Ecin JyIMTENbHOCTD H aMIVIHTYAA HM-
MYJbCOB TIOCTOSIHHBI, TO MOL{HOCTb, PACcCEHBaeMasi TEPMHCTOpPOM fpu Ga-
JIAHCE MOCTa, HPOHOPIMOHAIBHA YacToTe CIe/IoBaHusl Fy:

P = kFy. 2.349)
Orciofa nNpHpaweHHe MOUHOCTH PaBHO
AP = kAFy. (2.35)

Us (2.35) crenyeT, YTO 3aMEIIAIOmas MOUIHOCTD JIMHEAHO 33aBHCHT OT H3-
MeHEHHs1 9aCTOThl C/IEOBAHHS HMITYJIbCOB.

TakuM 06pasoM, B MOCTOBHIX CXEMaX, IHT4EMBIX MCTOYHHKAMH HM-
nyJbcHOro Hanpsukenus, namepenue CBU momHoCTH MOkeT OhiTh cBenieHo
K H3MEpEeHMIO H3MEHEHHs YaCTOThI C/IeJOBAHHS HMITYJIbCOB.

PaccMOTpHM CTPYKTYPHYIO CXeMy TepMHCTOPHOIO BaTTMETpa ¢ mud-
poBbiM otcueToM ( puc. 2.38). Jlo nopayu CBY MOMHOCTH HA TEPMUCTOD
Moct cGanarcupoBaH. I1pu 3TOM YacToTy ONOPHOTO TEHEpaTOpa ycTaHaB-
JIHBAIOT PABHOMH YaCTOTE [EHEpaTOpa YNPaB/isieMOH YaCTOTH, CYETYHK TO-
KaspiBaeT HyJe. [Tocne nogaun CBY mowHOCTH criefisimiasi cHeteMa Oyzer
MOJUIePXKKBaTh GajJaHC MOCT2 NPH HOBOM (MEHBLIEM) 3HAYCHHH 4aCTOTHL
HMIYJIbCOB 33 CYET BO3AEHCTBHS BHIXOJHOIQ CHIHA/A NMHKOBOTO JIETEKTOp2
Ha FeHepaTop yNpaBJIsieMO¥l YacToThl. PasHOCTHYIO YacTOTy CHTHaia, oG-

pasyroierocst Ha BhIXOAE yCTpOHCTBa BHUMTAHHS], HPONOPUUOHATILHYIO
3aMenaoIell MOIHOCTH, H3MepsieT CYETHHK.

B TepMuCTOpHBIX BaTTMeTpax ¢ uH(POBHIM OTCYETOM NMHTaHHE MOCTa
MOXeT GbiTh KOMGHHHPOBaHHBEIM: OT HCTOYHHKOB IOCTOSIHHOTO TOKa H ZIEY-
NOJMSIPHHIX FIPAMOYTONIBHBIX HMIyJibco [58]. i BarTMeTph oOnamaior
T€M IAOCTOHHCTBOM, YTO INPH ONHOM HHTEpPBaJI€ YaCTOT yNpPaBJIAEMOro reHe-
paTopa HMEIOT HECKOJBKO IIpeieJioB H3MepeHHsi 61arozapsi H3MEHEHHIO
3HEpPIHH OIHOTrO MMnyabca. B orcyrcrBue uamepsiemoii CBU momHOCTH
MOCTOBYIO CXE€My BaTTMETPa YpPaBHOBEIUMBAIOT W3MEHSisl BEJIMYHHY HOCTO-
SIHHOrO TOKa nojorpepa TepMuctopa. [IpH 3ToM Ha TEPMHCTOP IOCTYHAIOT
HMIYJBCE € HayaJbHOH (OTOpHOH) YacTOTOH CJIeOBaHHs, HalpHMep
20 kI'u. INocne nonayu CBY MOWHOCTH Ha TEPMHCTOpP MOCTOBasi CXeMa BalT-
MeTpa ynpaBJisieT 4YacTOTOM HMITYJIbCHOTO FeéHepaTopa H COOTBETCTBEHHO
H3MEHsET MOLIHOCTD NMOC/IeJOBATeIbHOCTH HMITYJIBCOB.

CooTHOlIEHHE MEXKAY u3MepsieMoll MOWHOCTBIO H YacTOTOH cJejo-
BaHHA HMITYJBECOB MOXET 6I>ITI> 3alMCaHoO B BHJIE

K;Pcpu =

.

Py = Wo (Fou— Fy), (2.36)
roe W, — sHeprusi OLHOTO ABYNOJsIDHOTO uMnysbca; Fg, — ornopHast
4acToTa C/EJOBAHKS MMITYJbCOB; F, — 4acTOTa CJENOBaHHS HMMITYJIbCOB
npu BkoyeHHoiH CBY MotHoCTH.

IlorpemHocTb U3MEPUTEIBHOIO YCTPOHCTBA TEPMHCTOPHOIO BATTMET-

pa ¢ uHGpOBLIM OTCYETOM MOXKET cocTaBasaTh +-0,5% u MeHee.

2.38. Bo.

™ M A TBa A

BonomeTpruecknii METOZ HCNONB3YIOT B AMANa3OHAX METPOBHIX, [e-
UHMMETPOBLIX, CAHTHMETPOBHIX H MHJLIMMETPOBRIX JUIHH BOJIH. JlHanasoH
YacTOT OTAEJbHLIX NPHOOPOB OINpENeNsieTCsi NMPHEMHHIMH Hpeo6pa3oBate-
JIIMH, BXOJSIIHMH B KOMILIEKT.

Meton npuMeHMM JIsi M3MEPEHHSI MaJILIX YPOBHEH MOLIHOCTH — OT
€IHHUL MUKPOBATT JI0 NECATH MHJUIHBATT NMPH HCIOJB30BAaHHH TEPMHCTOp-
HBIX M GoJloMeTpHyecKHX (Ha Gase mpOBOJIOYHHIX GOMOMETPOB) mpeobpa-
30BaTeNiell M [0 COTEH MHJUIHBATT NMPH HCHOJb30BaHUH GONOMETPHYECKHX
nipeoGpasoBatesiefi ¢ IVIEHOYHLIMH IVIOCKHMH GosnomeTpamu. BosomeTpH-
qecKHe npeo6pa3oBaTesH HMEIOT MEHBIUYI0 YYBCTBHTEJBHOCTB, NO3TOMY
HX JMHAMHYECKHMH I1ana3oH OOHYHO MEHBIUE, YEM y TEPMHCTOPHBIX.

TorpewHocTs  M3MepeHHsI ONpEAENseTCsl CAELYIOUMH OCHOBHBIMH
COCTaBJIAIOLIHMH;

— TOTPELIHOCTBIO H3MEPEHHS MOIHOCTH 3ameweHys §;, T.e. norpeu-
HOCTBIO H3MEPHTENBbHOH CXEMbl (H3MEpHTEJIBHBIE YCTPOHCTBA CYLIECTBYIO-
IUX caMoGaNaHCHPYIOMMXCs BATTMETPOB OBECHIEYHBAIOT H3MEpEHHe 3aMe-
LAIOWeH MOWHOCTH ¢ morpemHocTsio =+ (0,5 — 1,5%));

— TOrPELIHOCTEIO ONpeNeseHH st Ko3(dHIeHTa 3pdeK THBHOCTH IIPHEM-
HoOro npeoGpasoratensi 8K, (npu ucnosnb3oBannM KanuGpaTopos obecrie-
UHBAIOT H3MEPEHHEe JEHCTBUTENILHOTO 3HaYeHHsi Ko3(pduumneHTa 3 peKTHB-
HOCTH ¢ norpewHocteio 4 (2,0 — 5,0%));
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— norpewHocTbio, 0BycJIoBeHHO fpefidom, 8, (B yCTaHOBHBIEMCS
pEeXKHME TIpH HaJHYHH CXeMbl BHICOKOKAYECTBEHHOH TeMnepaTypHOH KOM-
neHcauuy oHa He npessbinaet 0,5 MKBT 3a nonmMunyThI);

— NOrpPeIHOCTHIO 33 CYET OTPaKeHHst MOUIHOCTH OT MIPHEMHOro mpe-
o6pasoBartesisi 85 (€c/H B pe3yJbTaT M3MEPEHHI BHOCAT NONPABKY Ha OTpa-
3EHHYI0 MOL[HOCTE, TO HEHCKJ/IIOUEHHEI OCTATOK MOCPEILHOCTH sl nipHGo-
pa obwero npuMeneHHst cocTaBUT He Gonee + 0,5%);

Puc. 2.39. O6wmuii Bun BarTMerpa M3-22.

— IOrpeLIHOCTBIO H3-32 PAacCOIVIacoBaHHs 8., (HaHHyIO morpewi-
HOCTb PaCCYHTHIBAIOT no ¢opmyse (2.14) HIM onpenensioT no rpauky
(pHc. I1.10) ucxons H3 3HauYeHHH KO3tHIHMEHTOB OTpAXKEHHsI reHepaTopa
¥ BaTTMETpa).

VuuThiBasi 3aKOHH PaClpeleeHHsi COCTABJSIOUHX, NOIPELIHOCTh
H3MEepEeHHsi MOXKHO paccyHTath no ¢opmyse (2.15) win (2.16). Bes yuyera
MOTPEILHOCTH 32 CYeT PaCCOIVIaCOBAHMS MNOTPEIUHOCTh H3MEPEHHS MOM(-
HOCTH C TNOMOLIBIO TEPMHCTOPHHX BaTTMETPOB cocTaBJseT == (2,5—10) %.

K IocToHHCTBaM MeTofa C/efyeT OTHeCTH: NPUMEHHMOCTH B IUHPOKOM
JIMANa30He YaCTOT; MaJIOe BPeMsl yCTaHOBJIEHHS NMOKa3aHHH, YTO NO3BOMSET
[IPHMEHSITh €10 B aBTOMAaTH3HPOBAHHEIX YCTPOHCTBAX.

HepoctaTkamMu MeTona SIBASIOTCS: CYWECTBEHHHIH TeMmepatypHBIH
npeiid; orpaHHYeHHbIN CBEPXY AHHAMHYECKHH JHANA30H; HH3KHH KO3dhH-
npeHT 3xpeKTHBHOCTH Ha BHICOKHX YacToTaX (mopsaka 0,5 na 78 I'T).

IlpuBeneM KpaTkKoe ONHCAaHHE TePMHCTOPHOIO BaTTMeTpa M3-22
(puc. 2.39). IpuGop npennasHayeH I H3MEPEHHsl MaJLIX YPOBHEH Moul-
HoctH CBY curmanop HI' u cpejHero 3HaueHHsi MOLIHOCTH HMITY/ILCHO-
moznypoBaHHEX CBU CHrHAJIOB B KOAKCHAJBHHIX H BOJNHOBOIHLIX TpakK-
Tax. V3MepHTespHbi MOCT BATTMETpa B COUETAHHH C KaauGpaTopamu mo-
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XKeT OHITh HCNOJIb30BaH A H3MepeHHs KoadpuimeHTa 3¢xpeKTHBHOCTH
npreMHuiX npeoGpasoBateseii.

BarTMeTp COCTOHMT M3 H3MepHTeJbHOro 6/70Ka (MOCTa) H KOMILUIEKTa
TePMHCTOPHBIX mnpeoOpasoBateneil (puc. 2.40). OCHOBY H3MEPHTEIBHOrO
6,10Ka COCTABJSIOT [IBa INOC/EJOBATENEHO BKIIOUEHHHX CaMoGalaHCHPYIo-
uHxcsi Mocta — pa6Goynii W onopHeIf (KOMneHcalMonHbE). B cxemy pa-
Goyero MocTa BKJwOueH pabounii Tepmucrop R, npHeMHOro npeoGpa-
30BaTeNsl, a B CXEMY ONOPHOIO MOCTa — OMOPHBIE TePMHCTOP Ry ,. OGa
TePMHCTOpa OHOTHIHB M HX XapaKTepHCTHKH OauM3KH. PaGounii MocT BhI-

Omcyemusld  npudop -

——

Pabow

mocm _
Hemoywuk moKa  3ame-
wewus co creddued |2

Ccucimemou.
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Puc. 2.40. CrpykrypHas cxeMa BarTmerpa M3-22.

NOJIHEH B BHJIE NBOHHOro Mocra, 6iaronapsi YeMy pasBsi3aHRl HCTOYHHKH
ToKa nonorpeBa I u Toka samewennst 2. Cleslme CHCTEME, BXOASAINE
B HCTOYHHKH, aBTOMATHUECKH NMOJUIEPKUBAKOT 6aiaHe MOCTOB.

Ipu mopaue - CBY MomHocTH Ha BXOJ npeoGpas’oBaTesisi CONPOTHB-
JieHHe paGouero TePMHCTOpa YMEHbLIAeTCs, YTO NMPHBOIHT K pasbasiancy
paGouero MocTa M MOSIBIEHHIO HanpspkeHHs pasCandlca Ha BXOJE HCTOY-
HHKa 3aMemenus. Ha BEIXOAE NOCJIENHEro CO34aeTCsi TOK 3aMEleHHs TaKOoH
BeJIHYHHBl M TAKOFO HarpaBJeHHsl, YTO IIPH NOCTYIIeHHH ero B paGouui
MOCT pesyJ/IbTHPYIOUEe 3HAUEHHE TOCTOSHHOrO TOKa B patoyeM TepMu-
CTOpe YMEHBIIAETCsI H MOYTH NOJHOCTBIO BOCCTAHABJIHBACTCS HAaYaJbHEIH
Gasanc MocTa.

BesnuuHy 3aMelyaiomeli MOIHOCTH NPH H3MEpeHHH HHAMUMPYeT ¢ep-
PONMHAMHYECKHH BaTTMETP, KOTOPHIH BHIIOJIHAET ONEPALMIO NOACHETa MOLI-
HOCTH HCXOJfl M3 3HAYEHHs TOKOB B OOMOTKaX, NPOMNOPIHOHAJIBHHX TOKY
HAYaJBHOTO MONOrpeBa paboyero TEPMHCTOpa M TOKY 3aMELIEHHS] COOT-
BETCTBEHHO.

OCHOBHbIE XapaKTePHCTHKH BATTMETPA:

— nuanasod uwactor 0,156—78,3 I'Ty;
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— HoMuHase LIKas: [2; 30; 60; 120; 300; 600, 1200; 3000; 6000 MkBT;

0,5 A-+50 MxBT
— OCHOBHasi IIOI'PEIIHOCTD - (B +—P )% , Tne A —
B

npexes u3Mepenusi, MkBT; P, — nokasanwe npuGopa, MkBT; B =
= |8K,| + 0,5; 8K, — norpewmHocTh onpeneneHns KosduuuenTa 3¢phek-
TiRHOCTH. Pa6oume compoTuBieHHsi npeoGpaszoBateneir: 50; 75; 100;
200; 240; 330; 400 Om. v
OCHOBHBIE XapPaKTePHCTHKH KOAKCHAJbHHIX M BOJHOBOIHBIX TEPMH-
CTOpHLIX TpeoGpasoBaTeseii, BXOLSALMX B KOMIVIEKT npu6opa, NpHBEAEHb!

B Tabn. 2.3.
Ta6amua 2.3

P2t Momuoctb
Tun Hala3oH aGouee paccesiHus
s Paameprt a . XCB Ky, co up.| 2 METEPRAZE
npeoGpasosa- TpaKTa, MM 4acToT, He Menee poT! pabounx
Tens T senre, Owml Tem;eg:'ryp.

M5-29 @16X4,6 0,03—1,00 (1,3 0,9 75; 100 9—60
M5-30 @16X%4,6 1,00-3,00 (1,3 0,9 75; 100 9—60
M5-31 #10Xx4,34 3,00—6,00 |1,4 0,85 75; 100 9—60
M5-32 @10%4,3 6,00—10,00( 1,5 0,8 75; 100 9—60
M5-40 35Xx15 5,64—8,24 |1,4 0,9—1 240 10—70
M5-41 28,5x12,6 | 6,86—9,93 |1,3 0,9—1,05 240 10—70
M5-42 3x1 8,24—12,05(1,3 0,9—1,05 240 10—-70
M5-43 17X8 11,1-16,7 | 1,3 0,9—1,05 240 10—70
M5-44 11X5.5 16,7—25,86{1,5| 0,85—1,05 400 7,5—65
M5-45 7,2x3,4 25,86—37,5(1,5| 0,85—1,05 400 7,5—65
M5-49 5,2x2,6 37,6—53,6 (1,7 N 400 15—70
M5-50 3,6x1,8 53,6—78,3 [1,7 0,5 400 15—70

2.4. TEPMO3JIEKTPUHECKMA METOA

TepMoaJieKTpHUECKHI METOJ OCHOBaH Ha npeoGpasosanuu CBU snep-
MY B TEIVIOBYIO C NOMOLIBIO BHICOKOYACTOTHBIX Au(xpepeHIHANbHEIX Tep-
MOTap TPAAMOTO HJIH KOCBEHHOTO HArpeBa U H3MepeHHH BOSHHKAIOWICH B pe-
3yJbTaTe HarpeBa TepMo-3. X. C., TPONOPLUHOHAJIBHOH pacceHBaeMoH B Tep-
monape CBY mowisoctu. Tepmonaps! BHIJOJHSIOT OJHOBPEMEHHO QYHKIIHK
COIVIACOBAHHOM HarpyskH H IH(xpepeHUHaJBHOTO TEPMOMeTpa. 3aBHCH-
MOCTb MEX[Y H3MEpsieMOH MOLIHOCTBIO H BEIHYHHOH TEpMO-3. . C. BhIpa-
2KaeTCs COOTHOLLEHHEM

. Pcpy =2 Uggy .o/ Knpo cBY, (2.37)

rfe Upgp g — HaNpsKeHHe TEpPMO-3. A.C. Ha BHIXOJE TEPMONaphi,
MB; Kppgcau — Kosdduument npeoGpasopanusi Tepmonapei, MB/MBr.

TepMO3JIEKTPHYECKHIH METOX, KaK H GOJIOMEeTPHYECKHH, NPHMEHSIOT
B OCHOBHOM JIj1f1 H3MEPEHHA MOIHOCTH MaJIBlX YpOBHeH, ONHAKO OH HMeeT
psiIl mpeuMymecTB nepey GoJoMerpHuecKuM: TaK Kak BeJHYHHA TepMo-
3. JI. C. iponopuxoHanbHa noxsomiMoil CBY MOIIHOCTH H NPAKTHYECKH HE
33BHCHT OT TEMMepaTyphl OKpYXKaioweid Cpeibl, B TEPMOIEKTPHUECKHX
BaTTMETPax OTCYTCTBYIOT 3JIEMEHTH H Y3JIBl JUIsi TEMIIEpATYPHOH KOMmeH-
caryy. [puemnrie npeofpasoBaTesi TEPMOSJICKTPHYECKHX BAaTTMETPOB He
TpeGyiOT JIUTENLHOTO BPeMEHH NpOrpeBa M NpH BLICOKOH UYBCTBHTE/Nb-
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HOCTH TepMonap MoryT paBoTaTh HENoCpPe[CTBEHHO CO CTPEJNOYHBIM MHIH-
katopoM. Ilockoneky TepMmoriapa He TpebyeT HauyaJIbHOTO IONOTPEBa, KaK
TEPMHCTOp HJIH GosiomMeTp, noTpebieHHe BaTTMETpa OT HCTOYHHKOB HMHTA-
HHSl MaJIo, 4TO 0COGEHHO Ba)XHO B CJyYae NMHTaHHs MpHGOpa OT NEePBUYHEIX
HCTOYHHKOB (HalpHuMep, aKKyMYJISITOPOB).

2.44. Mp " 6 Tenu

peobp PHMUECKHX BaTTMETPOB

P

OCHOBHBIM 3/IEMEHTOM IIPHEMHOTO IpeoGpa3oBaTelsi ABJAETCS TEPMO-
napa (610K Tepmonap). MarepuaJis 4nis BetBel nupepeHuNaIbHbIX TEp-
MOnap BeIGHPAIOT C TAKHM PaCyeToM, Y100k 0GecrneynBanich JHHEHHAs TeM-
nepaTypHasi 3aBHCHMOCTb Te€PMO-3. J. C., MaJIbli TeMmrepaTypHeiii k03¢pdu-
LHEHT CONPOTHBJIEHHS M BRICOKasi QyBCTBHTeNbHOCTb. HanGosbiuee pac-
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Puc. 2.41. YopoiuenHas KOHCTPYKTHBHAs (@) W DPWHNENHAJbHas 3ektpuieckas (6)
CXeMBl KOAKCHAJIBHOTO TEPMO3JIeKTPHYECKOro MpeobpasoBaressi:
I —BCTaBKa; 2 — OTPE30K KOoaKCHalNa; 3 — TepMonaphl; 4 — 3araymka; 5 — nporouxa.

TIPOCTPaHEHHE TOJYYMJIH TEPMOMAapH BHCMYT-CYypBMa, KOMEJb-CyphbMa,
XpoMeJib-Konesib. UToGkl pacimipuTh AHHAMHYECKHH JHANA30H H3Mepsi-
€MbIX MOILHOCTEH, JIBe TePMONApw K Gojiee COGNHHSIOT MOCIENOBATENIBHO
TI0 TMOCTOSIHHOMY TOKY. IIpH 3TOM IO BHICOKOI 4acTOTe MX COeIHHSIOT na-
paJuIeJIbHO M 1S ONTHMAJIBHOrO COrJIacoBaHMsI HX OOlee aKTHBHOE CO-
TIPOTHBJIEHHE JIOJIKHO ORITh PABHBIM XaPaKTEPHCTHYECKOMY COTIPOTHBJICHHIO
JIMHHH TiepefadH. *

B mmnanasone CBU B OCHOBHOM IIDHMEHSIIOT IJIEHOYHKIE TEpPMONApHI,
NpeCTaBsione coGoH TOHKHE META/VIMYECKHE IUIeHKH, HallpUIeHHbE
B BaKyyMe Ha CJIONSIHBIE, CTEKJISIHHEIC HIIH MHBIE JHAJEKTPUUECKHE TOI-
JnoKKH [65—T71].

K ocHoBHBIM TpeGOBaHMAM, NPEIbSIBISEMHIM K NPHEMHHM TepMO-
SMEKTPHUECKUM TPeo6pa3oBaTesIsiM, OTHOCSATCS: XOpOIlUee COIJIaCOBAHHE
¢ CBY TpakToM; NnOCTOSIHCTBO Kos(puiuenTa 3¢eKTHBHOCTH B IHanasoue
4acTOT ¥ YPOBHEH CHTHAJa NPy aGCOMOTHOM €0 3HAYEHHH, G/IH3KOM K eNH-
HHIE; BBICOKHH Ko3(duumeHT npeoGpa3oBaHHsi; YCTOHYMBOCTb K mepe-
IPY3KaM H BO3JEHCTBHAM BHEIUHHX (PaKTOPOER,

Koakcuanbhbii npeoGpasosatesb (puc. 2.41) cOCTOHT K3 OTpesKa Ko-
aKCHana C pasleNHTENbHOH eMKOcTbio C; B LEHTPAJbHOM IIPOBOLHHKE,
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BCTaBKH € IBYMsl TepMomapaMu R, M KOXYyXa ¢ BbIXOAHbIM pPasbeMOM.
BeraBky I COMIacyloT ¢ TPaKTOM, MOAGHPas pasMephl COrfacylouied Ka-
Mephl B 3aruylike 4, H NPOTOYKH & B KOPNyce OTPe3Ka JHHHH Nepeiayy,
a Takxe paGoyee CONPOTHBJIEHHE TEpMONap.

Beraska (puc. 2.42) COCTOHT H3 CIIOASHOM MOATOKKH 2 B BHIE JIHCKa,
Ha KOTOPYIO METOJOM BIKHIaHHMfi HaHeCeHml cepeCpsHbie 3JeKTpoin 1.
HuteBuHble MJEHOYHbIE TepMOMapbl 4 COEAMHEHbI C 3JIEKTPOJAMH TOKO-

Z

Puc. 2.42. TepMO3eKTpHUeCKas BCTABKA:
1 — 371€KTPOAN; 2 — CNIOASHOR JNCK; 3 — KOHTAKT; 4 — TepMonapel; 5 — onopa.

nposossielt nacroii. Onopel & W3 HHTell CTEKJIOBOJIOKHA CO3a10T Heob-
XONMMBIH IS COTJIACOBAHHST H ONPEJieJIeHHOrO TerJIOBOro peHMa 3a30p
MexkJly TOJNIOXKKOil BCTaBKK H HUTsIMH. BeTBH TepMonap, HanbuleHHBE HA
CTEKJISIHHYIO HHTH-TIOJVIOKKY JHaMeTpoM 20—40 MKM, 3alIMILEHB! OT BO3-

t o ta
Pesucrmubrisil
N0
[ - L
Cnad Crad
= A aae
¢ KRR RRIQRRRAINE 0oz
a 12

Puc. 2.43. Pacnpeniesienre TeMnepaTyphl BLOJb BeTBel TepMONaphi:

@ — CONPOTHBJIEHHE Cas HAMHOO MEHLIlE OBULEro COMDOTHBJIEHHS TEPMONAPH:; 6 — COMPOTHBIE-
HHe crnas 6JH3KO K O6uleMy CONpOTHBJAEHHI0 TEPMONApPHI.

JIefiCTBHS BJIarH TOHKHM CJIOEM MOHOOKHMCH KpeMHHsi. B pesyibrare mpo-
TEKaHWs TOKA MO NPOBOASIIEMY CJIOI0 T€PMONaph, HMEIOIEMY CONPOTHB-
neune okoso 100 OM, MecTo cnasi pa3orpeBaeTcsi, YTO BbI3bIBACT BO3HHK-
HOBeHHE TePMO-3. /. C. Ha KOHLAaX TepMonaphl. -
Uro6k1 NOBLICHTh TEMIIEPaTypy B MecTe crasi (2 Ce/oBaTeNbHO, Ko3d-
¢ruuenT npeoGpasoBaHus) MPH OJHOH H TO JKE MOUIHOCTH PACCesHHUS NPH-
MEHSIIOT CJIe/lyIOlLyI0 KOHCTPYKIMIO. BerBu TepMOnap BHINOJHAIOT HH3KO-
OMHBEIME (pHC. 2.43, 6) W HaHOCAT Ha HHTh C HECOJIBUIHM 33a30POM 0,2—
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0,3 MM). B 3a3cp Mexaly BeTBSIMH HambUISIIOT Pe3HCTHBHHI caoit (MJIT).
TakuM o6pasoM, COMPOTHBJIEHHE CJIOSI ONpejieNisier obliee aKTHBHOE CO-
NpOTHBJEHHE TepMonapel. BerencTsue 3Toro Temnora KOHUEHTPHPYETCSt
Ha KOPOTKOM OTPE3KE PE3HCTHBHOIO CJIOSi H COOTBETCTBEHHO INOBHIILIAETCS
TEMNepaTypa CrnaeB MOJOKHTEJNbHasi BeTBb — PE3HCTOP M PE3HCTOp —
OTpHUATeNbHAs! BeTBb. OnHCaHHBIH croco0 MOBBILEHHS TeMIEPaTyPhI M03-
BOJISIET MPHMEHSTh JJIsi  BeTBe#t

TepMonap Gosiee  TeMnepaTypo- - !

NPOYHBIE MJEHKH C MEHBIUeH yyB- /\

CTBHTEJIBHOCTBIO, He CHHIKasi MpH

3TOM Ko3dduuneHT npeobpasoba-

HHSI H MNOBBIILAA YCTOHYHBOCTH K

neperpyskaM. Kpome Toro, mpu 2
Gonpiuelt TOMIIMHE HHBKOOMHEIX A~ —A
BeTBeil TepMomap YyBeJHYHBAETCSH /

CTaGHIIBHOCTE MX XapaKTEePHCTHK.

cey. ng AA 3

Puc. 2.44. TepMoanekTpHuecKasi BCTaBKa
LIS KOAKCHAJLHOro INpeoSpasoBaTesifi:
1, 3 — BeTBH TepMomap: 2 — KOHTAKThl; - 4 -—

Hnsi npueMuoro npeoGpasoBartensi, uzobpakeHHoro Ha puc. 2.41,
ko3bduumeHT npeobpasopanus pasen 1+ 0,3 MB/MBT, Harpes Mecra cnas
npu MomHocTH paccesiiusi 10 MBt u TemnepaType oKpy:kamwluel cpeiipl
~+ 20°C cocrapaser npuMepro 70—80°C.

TepMoInexmpuyecKasn
Sermabxa

P IS

Auanexmpuyecxan
nnacmuna

Peau
—_—

7

Puc. 2.45. TepmoanekTpHIeckuil npeotpasopaTeb.

TepMoaneKTpHuecKas BCTaBKa AJISi KOAKCHANBHBIX npeobpasoBaresieit
MOXKeT OBITh BHIMIOJHEHA, KaK MoKasaHo Ha puc. 2.44. BerBu Tepmonap,
HaHeceHHbIE Ha CJIONATHOE OCHOBaHMe, 00pasyIoT ¢ KOPIYCOM MOJOCKOBYIO
JIHHHIO mepefiayl ¢ norepsiMu (puc. 2.45). TeMnepatypa «XOMOAHBIX» Cra-
€B TepMonap nojiepikHBaercsi GIU3KOMH K TeMneparype kopnyca Gaarofia-
Psi MPHMEHEHHIO JHSJEKTPHYECKOH IJIACTHHH M3 NOJHKOpa HJIH JAPYroro
MaTepHaJia ¢ BbICOKOF TEenJIONnPoOBOAHOCTRIO.

Bcerabka Juisi BOJTHOBOJIHBIX TePMO3/EKTPHYECKUX NpeoGpasopaTeseit
10 KOHCTPYKLHM aHAJOTHYHA TePMHCTOPHOMH (CM. puc. 2.27).
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Tepmonapy, reoMeTpHuecKH He OTJIHUAOILYIOCS OT TepMonap Juis KO-
AKCHAIBHOM BCTABKH, PACIIOJATAIOT B 3a30pe MeXIy IPEGHAMH BOJIHOBOAA.
Jlnst BOJIHOBOAHBIX NpeoGpasoBartesiell BO3MOMHO NMpHMEHEHHe BCTABOK,
KOHCTPYKILUA KOTOPHIX MaJIo OT/HYaeTCH OT u306paxceHHo Ha pHC. 2.44.

242. 0 cor L p p ¢ CBY
K &

P ¥ P P

P PP PP

C noBuillleHHEM YacTOTH Ha COrJiacoBaHHe TepMos.nepr}mchoro npe-
OGPEBOBZTCJIR HauyHaeT 3aMeTHO BJIHATH PEeaKTHBHAR cocTaBJsiloliasi ero
NOJIHOTO  CONMPOTHBJICHH A, onpeneaseMas HHIYKTHBHOCTBIO NJIEHOYHBIX
Tepmonap, eMKOCTbIO KOHTaKTHOH CHCTeMBl H JPYTHMH HenJIHOPOAHOCTA-

KB
32
4
a1t
L 1 1 1 1 )
g1 2 % 6 F 0 Iy

Puc. 246. Yactorsas sasuonMocTh KCB KOZKCHaJLHOTO TEPMOSJIEKTPHIEOKOTO Npe-
ofpasoBarens M5-51.

s [N

MH, BO3HMKAIOUMMMH NP BKJIIOYEHHH BCTAaBKU B TPAKT. HHAYKTHBHOCTD
HHUTEBHJHbIX TJICHOYHBIX TEpPMONAp YMEHBLIAIOT HX JIOMYCTHMbIM yKOpO-
YeHHeM ¥ COOTBETCTBYIOUIHM PACIOJIONKEeHHeM Haj MPOBCASLIMMH MIeHOH-
Hevu snektposiamu [66]. Cornacylor Tepmonaphi ¢ NOMOUIBIO NPOTOHCK B
Kopnyce npeoGpasoBaresisi B HEMnoCcpe/ICTBEHHO  GIH30CTH K MeCTy BKJIIO-
yenusi Tepmonap.-O6pasyemoii npH 5TOM pe3OHAHCHO# CHCTeMe CBOHCTBEH-
Ha HE3Kas LOGPOTHOCTH H3-33 HIYHTHPYIOILETO JCHCTBHS COMPOTHBJICHHS
TepMonapel. JT0 ONpefieifieT OTCYTCTBHE SHAUHTEJBLHAIX 3KCTPEeMyMOB
KCB npeo6pasoBatesieli B LIHPOKOIt 10JI0CE YaCTOT (puc. 2.46, 2.47).

B KoaKCHANbHEIX NpeobpasoBaTelisix Hanbosee 4ac10 NPHMEHAIOT CHM-
MeTpHYHOE BKJIOueHHe JBYX TepMonap. TIpH 3TOM CONPOTHBJCHHE KAXIOH
TepMOnapsl BHIGHPAIOT PaBHHIM YIBOCHHOMY BOJHOBOMY CONPOTHBJIEHHIO
TpakTa. TaK, JUIAi KOZKCHAJIBLHOTO TPaKTa 50 OM mpHMeHSIOT TepMonapsl
¢ paGounm conporusaeHnem 100 Om Kaxjas.

OnTHMaTBHOE  COTJIacoBaHKE —KOPOTKOM HHTEBHIHOH IJIEHOYHOMH
TepMONapel B BOJHOBOJIE 0CeCIEUHBAIOT BhIGHpasi paboyee CONPOTHBIIEHHE
TepMonapsl NPHOGIH3UTENBHO PaBHHIM XapaKTepHCTHYECKOMY CONPOTHB-
JIHHIO TPAKTa B MECTE €€ BKJIIOYeHHs . Pa6oyee CONMPOTHBJIEHHE TEPMONAPHI
15 BOJHOBONHEIX TpeobpasoBaleeit BHIGHPAIOT TaKHM, 4roGH HX ofLuee
conporusienne Ha CBU 6biio OKOJO 100 Om. [lsisi cornacoBaHHs MPH-
MEHSIOT IVIaBHbie TIePeXofil € PeryJsipHoro BOJHOBOAA Ha Il-oGpasumiit
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¢ xapakrtepucruieckuM conpothbieHueM 100 OM Ha cpenmeit gacrorte pa-
6oyero nuanasoHa. BosHoBonHEI npeo6pasoBaTe/ib OKAHYHBAETCS] KOPOT-
KO3aMKHYTBHIM OTPE3KOM NPSIMOYTOJBHOTO HJIH KPYIJIOTO (3anpefiesIbHOro)
BOJTHOBOJIA.

B TepmoanekTpHyecKHil npeoGpasoBatesb BXOAAT 3JeMEHTHl, NPHBO-
JISLHE K HEXKeJaTeIbHBIM NOTePAM. DTO pasbeM, JepKaTesH, AHIEKTPH-
yeckHe Onopel, AHadparmsl JUIsi KOMIEHCAIHH PeaKTHBHOCTeH, KOHCTPYK-
THBHBIE KOHJEHCATOPH H JIPYrHe HeofHOPOAHOCTH. B ¢Bsi3u ¢ 3THM HeKo-
Topasi JIONst MOUHOCTH He MOCTYNaeT HemoCPeJCTBeHHO Ha TepMonapy, 4To
yMeHbILaeT Kos(uuHeHt 3¢-
cdekTHBHOCTH ~ npeoGpasopaTe-
Js. JIAsi TepMO3JeKTPHYeCKHX KB
npeoGpasosateneft Kos(pduim- %4
eHT 3(b¢eKTHBHOCTH NPENCTaB-
JisieT OTHOLeHHe KO3(dHIHeH-

Ta npeoGpasopanusi Ha CBU k
ko3(UIHeHTy  npeoGpasoBa-
HHSI Ha NepeMEHHOM TOKe HH3- .,
kon yactotel (HU), T. e. ’

Ko = Kupe cBu/Knps ny. (2.38)

IlockoaeKy TepMonapsl
CBY otHocsTCs K TepMonapaM
NpsAMOTO Harpesa, HX KasmG- L
POBKa Ha NOCTOSIHHOM TOKe $iB-
nsiercsi HeBo3MOXHOM. B obna-
CTH HHXHHX 4acToT (o 3—
4 ITu) nas  KOaKCHAJNBHBIX
npeoGpasopareneit M5-51 o1-
nnure K, OT €MHHLE HesHauuTe bHO (10 1—2%) u M 3avactyio npeHe-
Gperaior. Ha Gonee BricOKHX uacToTax K, KaK JUfi KOAKCHAJIbHBIX, 13K
H JUIS BOJHOBOIHEIX npeo0pa3oBaTesefi MOMET 3HaAUHTENBHO OTJIHYal1bCst
OT e/IMEHIE, H IPH H3MEPEHHSIX €T0 CIelyeT YuHThBaTh (puc. 2.48 u 2.49).

Ussecrro [27], uto koadduimeHt TepMo-3. A. C. (dUx s 5.c./df°) MaTe-
pHANoB, MPHMEHSIMBIX JUISi H3TOTOBJIEHMsI TepMonap, SBJSETCA HelHHei-
HOit pyHKuHel TeMneparypsl. KOMNeHCHPYIOT HEJHHEHHOCTb TeMneparyp-
HOfi XapaKTePHCTHKH TEPMONApHI (Uzrs.pe. = [ (£ npumeHsist Jnisi BeT-
Beil MaTepHaspl C Pa3iuYHOi 1O 3HAKY HENHHEHHOCTHIO KOI(UIMEHTOB
TEPMO-3. A. C.

Onnako 15 uamepenns mouHoctH CBY npaktuyeckuii uHTepec npef-
CTaBJISeT He TeMNepaTypHasi, a aMIUIMTY/Has XapaKTepHCTHKA npeoGpa-
soarensi (Upopec. = ¢ (P)). JluHeHHOCTH aMnmTy[HOH XapaxTeph-
CTHKH B 00LIEM Clyuae He obecneYHBaeTCsi Mpu JHHeHHOH TeMIepaTypHO#
XapaKTePHCTHKe, TaK Kak NPH HarpeBe TepMonape mpeoGpasyemofi Moul-
HOCTBIO H3MeHseTCsi KO)OHIHEHT TemJOOTHaUM H, CIef0BATeNbHO, TeM-
nepatypa «ropsiyero» Cnasi HeJTHHEHHO 3aBHCHT OT NOABOAHMOMN MOLIHOCTH.

IockonbKy KauecTBo TepMonpeoGpasoBaTesist ONpeie/IfeTcsl CTeNeHbIo
JIHHEHHOCTH €0 aMIJIUTYAHOM XapaKTePHCTHKH, TO STO OGYC/OBJIHBaeT
COOTBETCTBYIOULHE TpeGOBaHKsi K MaTepuajlaM BeTBeil TepMmomap H KOH-
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Puc. 247. O6nactb nsmenenns KCB npas
BOVIHOBOIHLIX mpeofpasosarenel M5-52 —
M$5-54 B nnanasoHe 9acroT.
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Puc. 248. O6nacth wsmenennsi >bOEKTHBHOCTH KOaKCHAJbHBLIX, mnpeoGpasoBareseil
Mb5-51 B nuamasoHe 3actoT.
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Puc. 2.49. YactotHas 3aBHCHMOCTb 3((EKTHBHOCTH BOJHOBORHOTO MpeofpasoBarelis
M5-563

”T’.?.CIMB z%
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= flHocTp
. 2.50. Awmmmrynnast xapaktepuctika (Urs. n. c.=[(F}) H c€ HeJnwe
Fue. 2 M(a=(4)>‘(13) ) Mﬁpxoamcuanbuom npeobpasosatens M5-51.
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CTPYKUHK npeobpasoBaTeisi, MPH BHINOJHEHHH KOTOPHIX PacCMOTPEHHLIE
HeJIHHEHOCTH B3aHMHO KOMIEHCHPYIOTCS B 3aJIaHHBIX HHTEPBAJIaX MOLIHO-
CTeil i TEMNepaTyp H npu 3Tom obecneunBaercs: TpeGyeMast BeJIHIHH KO-
¢uieHTa npeobpasoBaHusi.

Ha puc. 2.50 pist npuMepa npuBeieHs aMIVIHTYAHAS XaPAKTEPHCTHKA
H ee HeJuHeHHOCTb npeoGpasoBatens M5-51 ¢ TepMmonapamm BHCMYyT-
cypbMa.

243. M bHbie Gnoku Tef KMX BaT P

BEIXOIHBIM CHPHAJIOM TePMO3/IEKTPHUECKHX Tnpeofpasopatesieil siB-
JSIeTCs! HANpsKEeHUe MocTosHHOro TokKa. [loatomy B KauecTBe H3MepHTEb-
HOTO 6/10Ka MOMET CJIYXKHTb MHKPOMHJUIHBOJIBTMETD HOCTOSIHHOTO TOK#
€ 2HaJOroBHIM WM UM$POBLIM OTCYETHHIM YCTpoficTBoM. Hsmepsiemyro

: Mpuemrent | InexmporHei] da3obsid
< 9 peobpa3ob. KAtod 9HY Jdemexmop o
r
Kanubpamop f—o—"o L—— ~ \———J W
1%

Puc. 2.51. Ctpykrypuas cxeMa BaTTMerpa M3-21.

MOUIHOCTE  OMpPEJIeNSOT, 3HAsi NOKa3aHHs MHKPOMWIIHBONBTMeTpa U,
KO3(bUIHEHT npeo6pa3oBaHHs HA NEPEMEHHOM TOKE HH3KOH YacTOTHI
Kups ny H ko3(pHunent apdektuBHOCTH npeoGpasosatens K,:

-

Pepgy = U/Knps iy K- (2.39}

U3 Bripaxenus (2.39) caefyer, YTo NpH NOCTOSHCTBE KOSPMHIMEHTOB
Kups Hy, K, 1IKana MUKDOMHIUTHBOJIETMETPA MOXeT GbiTh OTKanubposaHa
B CIHHHIAX MOIHOCTH. Pas6poc Knps pu 3aBHCHT OT K3eMILIsipa npeobpa-
30BaTe/isi H B HEKOTOPOH CTEMeHH OJT TeMNepaTypsl OKPYMKAIomeH cpefiul
u focruraet 30% . [TosTomy B H3mepuTe bHOM G/10Ke BATTMETpa, (HanpHMep
M3-21) npeRycMaTPHBAIOT CreUMalbHEI 610K — KamuGpaTop, obecreyn-
Bajouiui caMokaaH6poBKy npuGopa B neaoM (puc. 2.5)). Kanu6parop npen-
crapisierT co6oi CTaGHIKH3HPOBAHHKII reHepaTop NepeMeHHOTo TOKa ¢ ya-
croroit 20—50 kI'u. Tak kak KoapduumeHT 3dpeKTHBHOCTH mpeoGpaso-
BaTeAst 3aBHCHT OT YacCTOTHI, TO €r0 ONpeNe/ISIoT NpH KaauGpoBke na CBY.
YunThiBaloT K, COOTBETCTBYIOMWEH YCTAHOBKOI YyBCTBHTEJIBHOCTH HHJIH-
KaTopa HJIM BBEJICHHEM MOMNPABOK B PE3YJIBTAT H3MEPEHHS.

Hameputenbhblit 610k BaTTMeTpa M3-21 ofecncunBaeT HafexHOe H3-
MEepeHHe CHIHana Ha BhHIXOAe npeoOpas’oBaTenst NOPSKA HECKONBKHX
MHKDOBATT. YCHJHTeJBHAs YacTh NPHOOpa COCTOMT M3 S/IEKTPOHHOTO
KJI04a, npeoOpasylouiero NOCTOSIHHOE HANpSDKEHHE B MepeMeHHOe, YCH-
JIHTeNIst HU3KO#- yactotsl (YY), $hasoBoro fetekTopa, yCHIHTEN S MOCTOSH-
Horo Toka (YTIT) ¢ oTcueTHIM yCTpOKCTBOM Ha Bhixoze. PaGora anekTpoH- \
HOro K/oya M (asoBoro NeTeKTopa (HeMOAYJATOpPa) CHHXPOHH3HPYETCs
€ NOMOIIBIO ONOPHOTO TeHepaTopa. ’
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B npubope npenycMoTper Kamnoparop (remeparop mommoctn HY),
¢ NOMOWIBI0 KOTOPOTO BATTMETP CaMOKaluGpyeTcst neper HauanoM paGoTel
M 1nocie cMmennl npeoGpasoBatensi. ITOCKOJBKY aK1HBHOE COPOTHBJICHHE
TepMonap, SBJASIOLMXCS HArpyskok Kamubparopa, Moxer 143MeH;{TLc;6{ Ha
4+(10—30%) 1o CpaBHEHHIO ¢ HOMHHANBHHM 3HAYeHHEM, TO H KaluOpo-
BOYHAS MOLIHOCTb OY/IET H3MEHATHCA HA TaKYyIo XKe BeTHUHHY, eC/TH BRIXOL-
Hoe HanpsikeHHe Kaaubpatopa HenameHHO. Bo usCexaHue 3TOTO CHTHaJ

Ry
,;‘2,1’711105/; TepMosnex mplyeckut Puc. 2.52. CTpykrypHasi cxeMa Ka-
npeodpasobamens Ry JHOPOBKH TEPMO3JICKTPHYECKOTO
npeoGpasosatens.

K usmepimensHomy

| 0Kt
= .

T -

C BhX0Z2 KanuopaTopa NoJaeTcsi Ha MpHeMHLIH npeoGpasoBaTellb 4epes
pesucrop Ry, CONPOTHBJICHHE KOTOPOTO CTaGHJABHO M PaBHO HOMMHAIb-
HOMY 3HaYeHHIO COMPOTHBJICHHS TEpPMONap Ha nmepeMeHHOM TOKe HH3KOH
gactoth (p¥ic. 2.52) M BHIXONHOE HanpsKEHHE Kamxéparepa KOHTpO-
nupyercsi. TTOrpellHOCT YCTaHOBKH YPOBHS KaJHOPOBOYHOM MOIIHOCTH,

o 06 07 8 09 10 31 42 13 14 Rr /Ry

.L

-2,0 7 .
§nan,% |

Puc. 2. 53-. 3aBUCHMOCTb TIOTPEIHOCTH KaAHOPOBKH OT COOTHCIICHHS Rr/Rra.
.

o6ycioBneHHast OTKJIOHEHHEM COMPOTHBJICHHS TepMonap R, or HoMH-
HANBHOTO 3HaueHust R, TMPH TaKoii cxeme KaiHODOBKH COCTABHT

6“,,:[—4“1&"— — 1] 100%.

(2.40)
(Re+ Ren)®

[TorpemHocTh Beeria HMeeT OTPHHATEJIBHHI 3HAK H MPH OTJIHYHH Jeficr-
BHTE/IHHOTO 3HAUCHHs! COMPOTHBJCHHS TEPMONAp HA HH3KOK 4acToTe OT
HOMHHasbHOro, Hampumep Ha +20%, He npesniuaer —1,2% (puc. 2.53).
[MorpemHocTs U3MepHTeNbHOrO G10Ka, BKIIOYAs Kanubparop, CyLIECTBEH-
HO BJMSiET Ha MOrPeLIHOCTh BAaTTMETPOB B LEJOM H PEJIKO COCTABISET Me-
nee 1%. . )
BHCOKAst TOYHOCTb YCTAHOBKH KaJHOPOBOYHOTO HampsieHHs JOCTH-
raeTcsi B TOM CJIy4ae, eciiH Ka HOpOBOUHbIH NeHepaTop BLIIACT HaNpsKeHue
1P IMOYTOMBHOMH (POPMEI CO CKBAXKHOCTBIO 2, AMIVIHTY/IA KOTOPOTO 3a]1aeTCH
BHICOKOCTAGHIIBHLIME ONOPHBLIMM J€MENTaMH H MOXeT ObiTh NPOKOHTpO-

66

JIHPOBAHA KOCBEHHO (H3MEPEHHEM OINOPHOrO HANpSKEHHS MOCTOSHHOTO
TOKa). .

Huxuuit ypoBeHb H3MepsieMbIX MOLIHOCTeH JJIs TEPMO3JIEKTPHYECKHX
BA4TTMETPOB ONPEJICJISETCSH, B OCHOBHOM, BXOIHBIM YCHJIHTEJeM MOCTOSH-
HOTO TOK&, a8 BePXHHH — JOMYCTHMON MOIIHOCTBIO PACCESHHS nuddepeH-
LHAIBHBIX TepMOnap M HX HejuHefiHocTeio. Tak, mast npu6opa M3-21
JIHHAMHYECKH# = IHanasoH co- ‘.
crasasier 10 MkBr — 10 MBT. Ry o ny

K ycuautensHoit  yactu —
H3MEpHTeNILHOrO 6JI0Ka mpeib-
SIBJISAIOT CcrenHgHyeckHe TpeGo-
BaHHSA: JHHEMHOCTh YCHJEHHS
B IMHAMHYECKOM JHanasoHe 1o
80 1B, mManne ypoBHH LiyMa u

o Um onoproeo
Ipeiidba NpH OTHOCHTEJIBHO Ma- * 1 eg,,epf,.,,upa
JIBIX  COMPOTHBJIEHHSAX TEpPMO- meardpa

nap (100—200 Owm), ycroiiuu-
BOCTh PaGOThl MPH HAJHYMH HA
BXOJle KaMuGPOBOYHOTO CHIHAIA
nepeMeHHoOro Toka, Ha 50 1B
NPEBHIIAIOWEr0 CHIHAN npHeMHoro npeoGpasoBatensi. JI/si BaTTMETpOB,
HCNO/B3YeMbIX B J1a60paTOPHBIX YCJIOBHSIX, B HM3MEPHTEJbHHIX GJIOKaX
TNIPHMEHSIOT (POTOYCHJIHTENH, YCHJTUTEIH HOCTOSIHHOTO TOK2 Ha BHOPO-
npeofpasoBarensx u Ap. UyBCTBHTENBHOCTD TAKHX yCHJIHTENEH JOCTHIAeT

Puc. 2.54. CxeMa npepuiBaTeJis.

ynr )
Trade

Peay ; " —
— -+ /p Y H Al P
npenbpazobamens [ 17| KAKY D | npeobpazobamens

¥
bnok
ynpabnerusi

Yugpoboe
omcyerrHoe
Puc. 2.55. CTpyxTypuasi cxema TepMOIJIEKTPHIECKOTo BaTTMeTPa ¢ uHQpoBOf @MHIU-
KalLueH.

yer

COTHIX Joielf MHKDOBOJIBTE, YTO MO3BOJSET MpH Ke3(HIEHTE Mpeot-
pasosaniisi 1 MKB/MKBT o6ecnieuuth uaMepenHe MOIHOCTH HAuHHAS ¢ He-
CKOJIBKHX COTHIX JI0/1efi MHKpOBATTa.

Llnist xecTKUX yCOBH{T SKCIYaTalH Hanboree PHIOGHE YCHIMTEH
C SJEKTPOHHBIMH KJlloYaMi — npepuiBaressmu (puc. 2.54) Ha Bxose. Pa-
GoToit npepuiBaTeNs ynpaBJsieT ONOPHbIf rereparop Ha 10—50 kI (6rok
yrpaBJeHHs).

TlorpemHoCTh H3MEPHTENBHOFO GIOKA C OTCYETHBIM yCTPOIICTBOM
B BliJle CTPEJIOYHOro npuGopa o6HYHO cocTapasetr 4(2—3)%, a npH uHd-
PoBoii uankauuu 4 0,5% u menee. CTpykTypuasi cxema TEPMOSJICKTPU-
HECKOro BarTMeTpa ¢ 1uGPOBOil HHAMKAIME! MOXKET HMETL BHJ, MOKA3aH-
Helif Ha puc. 2.55. Hamepurennuprii 610K BaTTMETPa NpeacTaBisieT coBGoi
H(pOBOE MHKPOBOIBTMETP. OCHOBHBIMH y3J1aMH H3MepuTesIbHOro 6/10Ka
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ABJASIOTCH YCUTHTEND OCTOSIHHOTO TOKa € 3/IEKTPOHHBIM KIIOUOM Ha Bxone
H JeMOMYJISTOPOM Ha BLIXOAE (NeMOJAYJNATOp Ha pHCYHKE He BhIZEJIeH),
amanoro-uHpoBoil npeoGpaszoBatenb, uMPpoBOE OTCHETHOE ycTpoiicTBO
u 6a0k ynpasneHHsi. [Ipu mojBesieHHM K NPHEMHOMY npeoGpasoBaTeNo
CBY MOIIHOCTH HA €ro BHXOJle 00pa3yercsi HamnpsxeHhe TEpMO-3.1. C.
Usspc., KOTOpOE TOCHE YCHJEHHs NOCTYnaer Ha ananoro-uudpoBoi
npeobpasoBaTesb. BHIXONHOH CHIHAJ anaJoro-uu¢posore npeobpasosa-
Tessi HHANIMPYETCs LHPOBBIM YCTPOHCTBOM. Baok ynpaBJieHHsi aBTOMa-
THYECKH NEepeK/IouaeT NpEJiesibl H3MEpeHHS, YynpaBJIscT paGoroit YTIT
M APYCHX SJEMCHTOB H3MEPHTETBHOrO G/IOKa. ugposoe yCTPOHCTBO Ka-
AUGPYIOT B €AHHHLAX MOIIHOCTY.

2.4.4. Bo:

™ U BOC A

TepMOTeKTPHUECKHI METOJl HCMOMB3WHOT B JMAMasOHax METPOBEIX,
IelEMETPOBBIX, CAHTHMETPOBHIX H MIUITMMETPOBBIX JUTHH BOJIH. C ero
[OMOIBIO H3MEPSIOT MOLIHOCTH OT JIECHTKOB HAHOBATT JIO €JHHHI BaTT
[pH HMCHOJB30BAHHH ATTEHIOATOPOB M HalpaBJeHHbX oTBeTBHTeJeH.

TMorpemkocts u3mepernst CBU MOUHOCTH npy HCNOJAB3OBAHHH STOTO
METO/la ONpeJIe/IsieTCst CIeJlyIONIHMH OCHOBHEIME COCTaBJISIOLIHMEL:

— MOrpelIHOCTBIO H3MEPHTEIBHOro 610K §,, BKJIOYaloleH BpeMeH-
Ho#t Apefid K MOrpeIlHOCTh OTCYETHOrO yerpoiictsa (MoxeT ObITE CBeJieHa
1m0 + (1—2)% u Menee); :

— NOrPeIHOCTHI0 onpeJie/ieH s KoabdHIHeHTa npeoGpa3oBaHus HA Ne-

peMEHHOM TOKe HH3KOH YaCTOTHl 62, 3aBHCSLIEH OT TOYHOCTH HCHOJb3yeMBIX-

METOJIOB H3MepeHHsi JeMCTBYIOIIEro 3HaueHHsl Hanp suKeHHs (mpH HCIONb-
30BaHMH BOJXBTMeTpa Kiaacca 0,5 MOrPeILHOCTb COCTABHT £ (1—2)%;
JUISE CXeM €O BCTPOEHHBIM KaluGpaTopoM 8; — NOTpeIlHOCTE LaMOKaH-
6pOoBKH); N

— NOTPEIHOCTBIO, 0OYC/IOBICHHOH HeJIHHEHHOCTHIO TEPMONIAPL] B 1=
HaMMuECKOM JHana3oue, §g (OOBUHO COCTaBJISIET +(1—3)%);

— MOTPENHOCTBIO OMpeJieeHust KopHIHeHTa 3hheKTUBHOCTH Tpe-
obpasosatens 0K, (MpH HCNOAB3OBAHHH KanHOpaTopoB MOMET NPHHHMATD
anavenue + (1,5—5)%);

— NOrpeIHOCTBIO, 06YC/IOBICHHOM OTpaXeHHeM MOIIHOCTH OT BXOJd
npeoGpasoBarens, 8, (cM. crp. 27); .

— MOTPELIHOCTBIO H3-32 PACCOIIaCoBAHHSA Bpace (eM. cTp. 27).

Ioap3ysch BhpaxeHueM (2.15), MOXHO MNOKasarh, 4TO pacueTHoe
3HayeHHe MOTPEILHOCTH JAHHOTO MEeToAa H3MEepEeHHs] MOUIHOCTH COCTaBHT
8 = =+ (2,5—10)% Ge3 yyera norpelHOCTH PacCOIIaCOBANH.

K /IOCTOHHCTBaM MeTOJia C/ieflyeT OTHeCTH: NPHMEHHMOCTb B IUHPOKOM
JIHaNasoHe YacTOT; MaJioe BpeMst yCTaHOBJIGHHS NOKa3aHu#, yTo MoO3BOJISET
HCIIOJIB30BATh METOJ| B aBTOMATH3MPOBAHHBIX CHCTEMaX; Manylo 3aBHCH-
MOCTh PE3YJIbTaTa H3MEpeHHH OT TeMMNepaTyphl OKDYKAIoweH Cpenpl; Ma-
fioe BpeMsi MOATOTOBKH K Pa6ore; TEXHONOTHYECKYIO BO3MOXHOCTL H3IO-
TOBJIEHHS TEPMONAp Ha PasHYHbEe YPOBHH MOUIHOCTH. .

HeJIOCTATKAMH MeTOJla SBJSIOTCS: OTPaHHYEHHBIA CBEpPXY JMHAMHYE-
CKHIii IMANA30H; HEBHICOKAS YCTOHYMBOCTbL K NMeperpysKaM, OrpaHHuHBalo-
as npHMeHeHHe TepMO3JIEKTPHYECKHX npeoGpazosareneil NPH H3MEPEHUH
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Eﬂiﬂ:ﬁiﬂﬁmﬁ% UMy IbCHO-MOAYTHPOBAHHEIX KoseGanii. [Tienounsie
e OTHOCEI napel, %gnana;{ Majoit TEnoBOH HHepPLMOHHOCTBIO,
T B o r'll‘e.}anO HeGOMBILIOM 3HAYEHHH SHEPTHH HMIyJbca mepe-
ropax " Ta, pHmep, Tepmonape npeoGpasosaresieit M5-51 ponyckaior
y Ha HEX HMIynbcHOi MommocTu: 10 Br — npu anutenpHoctu um-
EY$b;g:TelmMKC, 4 Br — npu anntenbHOCTH HMIYnbeoB 4 MKe, 2,5 BT —
pgm(a it ng{?‘mu umMnysbcoB 10 MKc M cpenieM 3HAaYEHHH MOLIHOCTH Tio-
. I\gpg{;e)}glm KPaTKHe XapaKTePHCTHKH TePMO3JIEKTPHUECKOTO BaTTMeT-
apJI M3-21. puOOp npesHa3HaueH J/Isi M3MEPEHHS MOLUHOCTH B KOAKCH-
IX H BOJTHOBOIHBIX TpakTaX. OH YKOMIUIEKTOBAH OHHM KOAKCHAJB-

Se e R -

. »«4!’._‘ ﬁ

Puc. 2.56. O6uwit sun BaTT™MeTpa M3-21.

gblm _u 3r’17ﬂgblIQrBOﬂHOBOIIHbIM}1 npeobpasoBaTeJsiMH Ha JAMANasOH YacTOT
P ﬁorpemlxl-xo(cl?rnc;l—?'?g). I}penenul7 namepenuit — ot 10 MkBr jo
y b
oo =+ (10 + 100/Pg) %, rne P, — nokasanme npu6o-
OcHOBHbIE XapaKTepHCT HKH I i
eobpasoparesnei, B
npubopa, MpHBeJeHH ‘B TabJl. 2.4.p P » PROMTILII B KomnexT

. Ta6awua 24
Txn npeoGpa- | P:
Wnamﬁa asnep:"'rpaxu, Ruanason gacror, Iy KCB
M5-51 Z10x4,34 0,1—1
M5-52 35X15 5,64—8(,)24 i g
AM45-53 23X10 8,24—12,05 1.5
5.54 17%8 12—16.7 1,5
M5-55 |. 11%5,5 17,44 95,86 1.5
M5-56 7,2%3.4 25,86—37.5 1.5

25. METOJZ, BOJSITMETPA

Mo HOCTB, pacc y Py N p 3
N CHBACMYIO Har 3KOH, MOXKHO OI €eJIUTh, 3Has
JIeHCTB yioiiee 3HaYeHHE HanpsixkeHust Uwu HMnenane HarpyskH Z:

P = U2 cosq/| Z), (2.41)
69




rae| Z| — MonyJib HMIE/lanca HarpyskH;

cosp=R/| Z|=R{V R+ X% (2.42)
R, X — aKkTHBHasi © PEaKTHBHasl COCTaBJSIOLLHE HMME/IaHCa.
Eciu Harpyska akTHBHasl, MOIUHOCTh MOXHO BEIDA3HTh B BHC
P = U*R. {2.43)
AHaJOrHYHO BhIpAXEHHe JUIsi MOIHOCTH, PacceHBaeMOi B Harpyske, co-
NPOTHBJIEHHE KOTOPOHl AKTHBHO M PaBHO BOJHOBOMY COMpPOTHBJICHHIO JIH-
HUH nepefiaul, T. €. Zy = Zg;:

Poorn = U:/Zom (2.44)

rzie U, — AeficTByIoiee 3HaYEHHE HANDsDKEHUs Ha COTIACOBAHHOM HArpys-
Ke; Zy; — BOJIHOBOE CONPOTHBJIEHHE JIHHHH.

Pesucrmop £8Y Pesucmop CBY

- Fesy Fray
— —

.
Gy K usmeput-

mens-
Homy Onoxy

K usmepurrens-

Ly HorMy  Onoky

Puc. 2.57. Cxembl BKJIOUEHHS JE€TEKTOPHOMA TONOEKH.

Usmepenne mompocrn CBY, TakuM 06pa3soM, MoxeT ObTh CBeJieHO
K H3MEDEHHIO HAMpPSIKEHHs] Ha COTJIACOBAHHOH HArpyske ¢ NOMOIIBIO BEI-
COKOUACTOTHOFO BOJBTMETpa, IIKana KOTOPOro OTKaaHOpoBaHa B eAMHH-
12X MOIHOCTH. 3TOT MeTOX H3MePEeHHsI MOLIHOCTH NMPHHSATO HashiBaTh Me-
TOJIOM BOJBTMeTPa. HaMepeHue HanpsiKeHHs! B LEMAX ¢ pacnpe/ieeHHbIMI
MOCTOSIHHBIMH Ha yacTorax cBeiue 100 MI'L cBsi3aHO € PFAOM TPYAHOCTEH.
Bo-nepBEX, NPAaKTHYECKH He YAaeTCsi NOJYYMTh HAarpysky ¢ HMOe-
JaHCOM, PABHHIM BOJHOBOMY COMDOTHBJICHHIO JMHHH nepefiaud, T. €.
Z,, # Zy,. CaenoBatesbHO,
UtlZon # UslZons (2.45)
rie Uy, — nanpsukeHne, H3MepEeHHOe Ha BXOJle HarPY3KH. )
Bo-BTOPHIX, BEJIHYHHA H3MEPEHHOTr0 HanpsiKeHHs U, 3aBHCHT: )
a) OT COIMIACOBAHMS HMINEJAHCA HATDPY3KH M reHeparopa ¢ JIMHHeH
nepelayl H MecTa BKJIIOYeHHs BOJIBTMETPA B Nepefatoliy TpakT, T. €.
Uy ="Up (1 + T/ — LT, (2.46)
rnie T, Ty — KOMIIEKCHEe KOS(hQHIHEHTH OTpaeHHsi OT IeHeparopa

H HarpysKy;
6)p¥)'r YACTOTHEIX CBOTCTB JIETEKTOPHOTO MpeoGpasoBaTelist (FONOBKH)

BOJIETMETPA.
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UToObl YyMEHBIINTE BJHAHHE YKa3aHHHX (DaKTOPOB Ha MOrPEIHOCTH
H3MepeHMil WIH HX YaCTHYHO KOMNEHCHPOBATh, NPHMEHSIOT BaTTMETPHI,
Y KOTOpHIX HAETEKTOPHYIO TOJIOBKY KaK 4acTh NPHEMHOTO NpeoGpasosaress
YCTaHaBJIMBAIOT JIHGO HEMoCPeJCTBEHHO Ha BXOJE COIJIaCOBaHHON Harpys-
KH WJIH Ha ee yacTH (puc. 2.57). [Ipu TakoM BKJIOYEHHH JUIHHA COEJUHH-
TeJIBHBIX HPOBOJIHHKOB MOXKeT OHITh CIeJIaHa MHHHMAJIBHOM H 3aBHCHMOCTB
noKasauHii ot LJHHEL BOJIHEI CHHXKACTCS! JIO NIPHEMJIEMBIX 3HaYeHH .

2.5.1. & 1 6 " Hule 6noKM BatTmeTpoB

P! P P F

B kavecTse npeoGpasyIowero aJeMeHTa peospasoBaTe i NpHMEHSIOT
KK NOJNYNPOBOJHUKOBHIE, TaK H BaKYYMHBIe HOMbI. JleTeKTOpHLIE Npeos-
pasoBarenu (roioBKu) Ha 6ase BAKyyMHBIX JIMOJIOB NIO3BOJSIIOT H3MEPSTH

ﬂnz_/rou;amwud
cnod  pesucrnopd

Snexmpod

&

Puc. 2.58. Kouctpykuust (@) ¥ SKBMBajeHTHast cXema (0) JIeTEKTOPHOH TOJIOBKH.

MOIHOCTH GOJIBIIHX YPOBHEH—OT HECKOJIbKHX BATT IO HECKONBKHX COTEH
KHJI0BATT. [10J1ynpOBONHKKOBLIE IHOME HCHOJB3YIOT JUISi H3MEPEHHST MOLIL-
HOCTH OTHOCHT@JIbHO MaJIbIX YPOBHedi.

Kann6poBKa BATTMETPOB Ha PeaNbHBIX YPOBHSAX MOIHOCTH C NOMOIIB IO
00pasioBLX NPHGOPOB MO3BOJISIET YueCTh 3HAYHTEJBHHE YaCTOTHHIE MO-
TPEIIHOCTH JETEKTOPHOK ronoBKH. B pesysbrate KannGpoBkH K npuGopy
NPHIAraloT rpaduK YacCIOTHEIX MOMPABOK, KOTOPHIM CIEAYET MONB30BATHCS
Hpy U3MepeHHH MomHocTH. HanbGonee BEICOKOUACTOTHHE BaKyyMHbIE JHO-
Jpl, Hanpumep 6/[13]], no3BOMSIOT NPHMEHHTH MeTOJ, BOJBTMETPa JI0
2 TTu. ITonynpoBORHHKOBEIE AHOMABI MOMHO HCIOJB30BATH Ha 60Jee BhICO-
KHX YacTOTaX, HO Takxke ¢ rpadHKaMH YyacIOTHHIX monpaBok. OHH o6iia-
Ja10T MCHBLLIEH YCTOMYHBOCTBIO K NEPErPy3KaM H HX BHITIP AMASIOLIHE CBOH-
CTBa 33BMCSIT OT TEMNePaTyphl OKpyKaiowel cpefpl. .

B nocsiesimee Bpemsi NosyualoT pacnpocTpaHeHte AETEKTOPHbIE BCTAB-
KH, COCTOSIIIHE H3 NOJIYNPOBOAHHKOBOro AHOAa, nieHoyHoro CBY pesucto-
pa M KOHCTPYKTHBHOH €MKOCTH, OObeJMHEHHBIX B OnMH ysen. Pesucrop
CJYXHT Harpyskoii JuHuM nepesaun. B Takoii Beraske (puc. 2.58, a) no-
TJIOIAIONHE CJIOR PEe3HCTOPa B BHJIE TOHKOM METaJIHyeCKOf MJIEHKH Ha-
HOCAT Ha HapyXHYIO MOBEPXHOCTH KepaMHYeCKOli TPYOKM, BHYTPU Ko-
10poii ykpemnnsiioT Axoj. CompoTuB/IeHHe pe3ucTopa BHOHPAIOT TAKHM,
4To0bl B COYCTAHHM C JAHHAMMYECKHM CONMPOTHBJACHHEM AMOXA NOJNYYHTB
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conpoTuBieHke, GJIH3KOe K BOJHOBOMY CONpPOTHBJIEHHIO JIHHHH repefiayH.
PaccMarpuBaeMasi KOHCTPYKIMsI 0OecrieyHBaeT CPaBHHTENBHO PaBHOMEp-
HyI0 YaCTOTHYIO XapaKTepHcTHKY. HepaBroMepHocTh cociapisier 1—2 1B
B JuanasoHe yactor o 12—18 I'Tu.

DKBHBaJeHTHasi CxeMa JeTeKTopHOH rosnoBku (puc. 2.58, 6) cocrout
H3 HHIYKTHBHOCTH 3JIEKTPOZOB JIHoAa L 5, AaKTHBHOTO CONMPOTHBIIEHUS M€K~
TPONOB AHONA ry, conpotusienusi CBU pesucropa R, emkoctu mwona Cy,
CONPOTHBIEHHST JHOAA R; ¥ KOHCIPYKTHBHOH eMKocTH Cy, NapajielbHO
KOTOpOH BKJIIOYEHO CONPOTHBJIEHHE . HATPY3KH JeTektopa Rg. Bxommoe
CONPOTHBJIEHHe CXeMbl B OOLieM BHJie NPEJCTaBiIsieT co60i KOMILIEKCHYIO
BEJIUYUHY, 38BHCSILYIO OT YaCTOTHl, YTO SIBJISIETCS OJIHOH M3 MPHYUH Hero-
CTOsIHCTBa Ko3(uunenta npeoGpa3oBaHHs JETEKTOPHOH TOJIOBKH (4yB-
CTBHTEJIBHOCTH) B JIHaMa30He 4acToT. .

B 3aBHCHMOCTH OT XapaKTepPHCTHKH JHOJa M YDOBHS CHTHana pas-
JIMYAIOT JBa BHIa NETEKTHPOBaHHs — JMHeHHoe M KBajparhysoe. B pe-
JKHMe JIHHeHHOrO JIETeKTHPOBaHHUS OOBIYHO PabOoTaoT ETEKTOPH Ha J1aMIO-
BHIX HOJAX TPH HampsixkeHuH Ha BxoJie or 1—2 nio 100 B u Gosee. Kaaz-
paTHyHOe LEeTeKTHPOBaHHe NMPHMEHSIOT JVIs H3MepeHHs! MaJIbIX MOLIHOCTeH
(ypoBeHs BXo[HOTO HanpsukeHust 1o 50—70 MB) npu ucnonb3oBanuu nogy-
NPOBOJXHHKOBBEIX JIHOJOB.

AnanutHyeckas cBssb Mexx1y TokoM I u HanpsikeHueM U npu kBazpa-
THYHOM JIeTEKTHPOBAHHH MOXeT OHITh BblpaxieHa B BHjle psifia Teiutopa:

I=fU)+ [ (AU + ] (U) (AU2Y) + ..., (2.47)

tie f (U) = dl/dU = G — 3nextpnyeckas npoBOJMMOCTS AuON2a B paGo-
yeit Touke, [ (U) = Syp — Mepa KpHBH3HHI XapaKTepHCTUKH. Ecan K ne-
TEKTOpY NOABOAKTCS nocTosiHHoe U 1 nepemernoe Uy, cos of HANPSiKeHHs,
TO JUISl T0Ka MOXKHO 3aMHCaTk BHIpaXKeHHe .

I=1,4GU,cosot + % U’m+s—;“’- U, cos 2ot (2.48)

Benencreie HenuHeRHOCTH XapakTePHCTHKH TMOMABJSAECTCH BTOpasi rapMo-
HHKa TOKa, &8 NOCTOSIHHas COCTaBJIsiioliasi yBeJIHYHBaeTCsA Ha

Al = (Supld) UL = Y, (Sup/G)AP, (2.49)

rie AP — nozseniennast K ferékropy CBU MowmHOCTS.
YyBCTBHTENILHOCTD JIETEKTOPa MO TOKY

AI/AP = S,,/2G (2.50)

3aBHCHT OT TNOJOXKeHHsT pa6oyell TOYKH Ha XapaKTepHCTHKe JIETEKTOpd.
TMoxaBast Ha JHOJ TOK CMEILIEHHUsI, MOXKHO M3MEHSTh pafodyto Touky. Cme-
LIEHHE MO3BOJsET CTabWIH3HPOBATh PaGouylo TOYKY HYYBCTBHTENBHOCTD
B HHTEpBalie TeMIepaTyp.

B 3aBHCHMOCTH OT BHIOPAHHOTO 3HAye€HHSsI COMPOTHBJICHHSI HAarpysKH
JIETeKTOPa PasHyaloT JIETEKTOPHBE NpeoOpas’oBaTte]u  AeHCTBYIOMIKX
(3peKTHBHEIX) B NMHKOBHIX (aMMIMTYIHbIX) 3HaueHuil. Jlnsi H3MepeHHst
CPeIHHX 3HAYCHHE MOLHOCTH NPHMEHsIOT npeobpasoBaTest S(peKTHBHBIX
H aMIUIHTYZHBIX | 3HAYeHHH, AnA W3MEPEHHS HMIYJIBCHOH MOIHOCTH ~—
TONBKO AMIIUTYIHbIX.
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Hanpsokenne, chumaemoe c HarpyskH MHOJYNPOBOJIHUKOBOIO Jere
TOpa, OOGBIYHO HEBEJHKO. TostoMy ero yewnupawr o 1—10 B, ur $ ﬁeK-
NeYHBaeT YAOOHYIO HHAHKALMIO M BO3MOMHOCTE HC]‘IOJIbSOBaH'H;I{ Nerona
BOJIBTMETPA B CHCTEMaX aBTOMAaTH3UPOBAHHOIO KOHTpoJIA Herona

Crienudryeckum TpeGoBaHHeM, NMPENbABNAEMBIM K .ycvmmenm
JIFETCS NOCTORHCTBO BXOJHONO CONPOTHBJICHHS BO BCEM IHHAMEYECKOM -
anasote. Ilpu xBagpaTHUHOM feTeKTHpOBaHMK He clefiyer BHIGHpAaTh )(1:“:
JIUTNTH C GOJIBLINM BXOAHEIM CONPOTHB,ICHHEM, 9TOGL He yMeHbl.HgTb 21’ a
MHYECKHH IHANasoH CO CTOPOHK GOMBILKX ypoBHei: [72]: A

Puaye = B8/Ry, (2.51)

rae by — kosdduimeHT [IPONOPUHOHANBLHOCTH, 8 — KomycTumas orm
CHTCJbHAH TNOTPCINHOCT HEKBANPATHIHOCTH; Ry — COMPOTHBJICH} "o
TPY3KH JICTCK10pA (BXONHOE COMPOTHBIEHHE yCHIHTe151) ©
Ilpu yMeHbleHun R, yMeHbaercs KOS(!)CI)HL[PIeHT‘Hpeoﬁ a30BaH
¥ YBEIHUHBACTCS MHHUMAJIBHAST MOIIHOCTb, HEOOXONHMAS JIst Eon e -
Ha Harpyske LeTeKTOpa HanpsiKeHHsl,-NOCTATOYHOTO AJst paboTsl ch i
Tels (uHnHKkatopa). [lonaras, uro HAnpsiKeHHe CHrHaja Ha Harp ng;m o
TEKTOpA MPEBBIIIAET HAMPSIKEHHUE LIyMa B HECKOMLKO pa3 II,HHEMXFI C o
AH2Na30H KBAJIPATHYHOTO JIETEKTOPA MOMHO ONpefiesTh KaK 172] eamt

. ‘Dmaxc/ P = k, 8/ Vﬁm (2.52)

rie k; — KO3(DQHUKEHT NPONOPUHOHANBEOCTY.
Huorna Henocpencrsenno B nenp HarpysKH JeTEKTOpa BKJIOYAKOT

"yBCTBHTE/IBHBIE MHKPOAMITEPMeTPEl (ranbsanome'rpm). Yto6e BXOMHOE

CONpOTHB/IGHHE HArPY3KH OCTABa/OCh HEH3MEHHBIM NPH  TmePeKJIIoyeH
OpCMleIOB  U3MEDEHUH, MEXKNY JNeTeKTOPOM H HHIHMKATODHEM 60, on
BKJII0YaoT T-06pasuwie fenureny. P nputopout
gpu KBaJIpATHYHOM JICTEKTHUPOBAHHH BRIXONHON CHrHau JieTeKTopa
JIHHEHHO CBSISAH C MOILKOCTBI0 H3MEPSEeMOTO CHIHana, a npu .rmHK" 0
JCTEKTHPOBAHKH 3aBHCUMOCTb HMEeT KBaJ|paTHIHHIH xafnax-rep IIMEHHOM
3§H::§§;- :;r;ana TIPHMEHSIIOT CreHabHEIe CXeMBI npome;xy{'oqﬂuxﬂﬁg::
Kupne'rexmpg : c HEJIHHEHHOCTBIO, OGPATHOM HeJHHEHHOCTH XapaKTepuCTu-
i B;’}(amigiu;a]{:neyiiomennom BUIIC KOHCTPYKIHIO npeoGpasosatess
» KOTOpas NPeACTaB/sieT co6ol euHbIH y3eN ¢ Bpico-
KOUACTOTHEIM JleJUTeIeM MOLHOCTH ( pHC. 2.59). Hpeo6pasona¥enb ror
H3 OTpe3Ka KOaKCHAJBLHON suumM, I-06pasHoro nemmrens H J \os0r
nﬂpé?ﬂna 6I113]1. Karox fuona 3amMbikaercs Ha Kopmyc gepes KOHuenéx'g%Bgm
oy %T:;[‘[:e r}i)xmoqaer B ce6s pe3ucrop R, sBasiommiics Hpo}lOJI}KeHlIell(\i
ny ehehnero nﬁ);ommxa KO2KCHAIIA, U PE3UCTOPH R ,, BKIIOYSHHbIE Me3K-
COIIpOTPIB.TIEHEe €/IBHO U 3aMBIKAIOMKe JieuTelb HA Kopnyc. Bxomoe
M nepesa, Ason nors RIS s mons ROy COTpOTIBCIHO
THPE3OHAHCHOR COMPOTHBJIEHHE Ry, 6ﬂaronapﬂqzl§; ¥ ne.réummo asmore
Pe3onaHCHbe sAB/eHHs, OOYC/OBIEHHME K TiocTt LommmeTCH
TIPOBOJIOB M MEXKAY3/eKTPORHOI eMxocrbfol{;g:;f:;gfzngggaoégl%?

73




THBJIEHHE R g PACCUNTHIBAIOT N0 NPHOMHIKEHHOMH ¢opmyae [73] 2.5.2. BO3MOMHOCTH M [OCTOMHCTBA METORA

Ry=(0,5 ... 9/V 25f pgs Cosr (2.53) Mertog BonbT™MeTpa npumenny Jo 18 Iy ¢ TIOJTYIPOBOAHHKOBBIMI, 110

. SJIeKTPONIHAS 2 ITuy — € BAKYYMHBIMU IMOAGMH. MUHHMATBHDIH YPOBEHD H3MepSieMbIX

T7ie fyes — PE3OHAHCHAN YaCTOTa JHONA, I'm; G, - — MeXAy MOLIIHOCTe#H — COTHIE JIOTH MHUKPOBATTa, MAKCHMAJBHBI — 10 HECKONBKHX
eMKoCTh aHofi—kartog, P. COTEH KHJIOBATT NPH HAJHYUM BHEUIHHX JeJHTeNedl.

Ry Ry 84134 IMorpemHrocts u3mepenuit CBU mMomuoctu ONpPENIENITETCH CICLYIOUIHMH

OCHOBHBIMH COCTaBJISIOIIHMH ;
— MOTPeLIHOCTI0 KanuOpoBKu npubopa 6; (MOrPelmHOCTHIO NOCTpoe-
HHS rpadHKa YacTOTHHIX nonpaBok). Ee MakcHMaibHOe 3HayeHHe B 3aBH-
2 Kamod CHMOCTH OT YPOBHS! MOLIHOCTH H HCTIOJTB3YEMBIX IPH 3TOM 06Pa3LOBHIX NpH-

—f - Gopos MoxkeT KoeGaThest B npeflenax + (4—10%);
=== — TMOTPELIHOCTBIO KaIHMOPOBKH BHELIHETO AEHTENs O,, e MaKCHMAJTb-
[\ S HOe 3HaYeHHe NPH NOJIB30BAHKH YCTAHOBKAMH /IS H3MEPEHHS OC/IaG/IeHH ST
. J1-3 unu [1-6 cocrasnsier + 7%;

\ — NOrpemHoCTbIO, 06YCIOBIEHHO HepPaBHOMEPHOCTHIO Ko3(duineH-
R/ R Cx /  Botbodet Ta npeo0pasopaHisi B JUHaMHUeCKOM IuanasoHe, 0j. Ee MakcHMambroe
waxana 3HaYeHHe 33BHCHT OT THNa JHOJA2 H CTeneHH npHG/IHXKEHHsS ero AeHCTBH-
TeJBHOH XapaKTepHCTHKH K BHIGPAHHON; B JMHAMHYCCKOM JHANasoHe
10 1B Hetpyzso ofecneunTh 3HAauCHHS NOTPEILHOCTH nopsiaka &= (1—3%);
— TIOTPEUIHOCTbIO, OGYCMOBJICHHOH DACCOINIAacOBaHHEM, Opace; MaK-
CHMallbHOe 3HayeHHe 3TOil NMOTPeIHOCTH (CM. MpHJIOXKeHHe 3) COCTaBJIsieT

Puc. 2.59. KoucTpyKumsi IeTeKTODHOH FOJOBKH C BaKYYMHLIM JHOIOM 610131.

Ho.nyquHoe 3HayeHHe YTOYHSIOT IKCHEPHMEHTANBHO. CreneHp BIUS-
HHUS1 aHTHPE3OHAHCHOTO CONPOTHBJICHHH Ha yacTOTHBIE XapaKTePHCTHKH Je-

TekTopHOro mpeopazoparens: ¢ uozom 611131 wrmioctprpyer puc. 2.60 pace mare =(1 £ T */(1 F | Ty || Ty [P—1. (2.59)
(kpusas I}. 3mech P /P, — OlHOLIEHHE MNOKa3aHHK pa60qeruo npubopa ! -
K MOIIHOCTH, H3MepenHoit o0pasio- Ecau npokanu6Gposats npu6op no oGpasuoBoMy BATTMETPY B 3HAUEHHSIX
BBIM IIPHGOPOM. Najaoied MOIHOCTH, TO NMOTPEIIHOCTh H3MEPEeHHH YMeHBIIHTCS H COCTa-
Pl Fos 2 Cuenyer OTMETHTb, YTO YacTOT- BHT
Hasi XapaKTepHCTHKa JETEeKTOPHOro , _ "
301 npeo6pa3soBarTess Ha BaKyyMHbIX HO- . Bpace waxe = 1/(1 £ | T | | Ta P —1 (2.55)

AaX ONpeje/sieTcsi He TOJBKO peso-
HAHCHBIMH CBOHCTBaMH JHOJOB, HO H
TaKHMH NapaMeTpaMH, KaK aMIUIMTY-
JIa H3MEPSIEMOTO CHTHANa H BEJHYH- -
Ha 3a30pa KaTOJl—aHOJ B HOJe.

{cM. HOMOTPaMMBL JUISt ONIpefie/leHHsT HOTPEUIHOCTH PACCOTIACoBAHHS, npHu-
BefieHHpie Ha puc. I1.10, I1.11 npuroxenus).

Tpu Manpix snauenusix Iy u T'p Bepaxenne (2.55) ynpomaetcs u npu-
obperaer BuJ

N Bcaencrsue TOro, Uro 3JIEKTPO- 6;’)w:c make = 1= 2' Frl I rn l (256)
| . . 41 T Hu, HCTyCKacMhe KaToOM [0/, .

05 10 45 40 £y moryT mpolieraTh 3a30p KaTro4—aHon Cornacuo BBIDAMEHHIO (2.15) MakcHMalbHOE 3HAYEHHE OTHOCHTEJBHOM
’ 7 3a BpeMsi, COH3MEPHMOe C NepHOJIOM TNOTPEINHOCTH H3MePeHH#l JIst pACCMATPHBaEMOro c/Tyyast 6e3 yueTa norpe-
Puc. 260. Yactorsme xapaxrepuctuxa  CBU Kon“eGamlﬁ, MPOHCXOMMT CcHaj HOCTH paccoryiacopanus cocrasiisier 8 = + (6,5—11)%. C yuerom norpei-
parTmerpa M39 ¢ anmspesomakcbis  4acTOTHOH Xapaktepucriku. OH yBe- HOCTH 32 CYyeT PacCcOracoOBaHHsi MAaKCHMAJbHOE 3HaueHHe OTHOCHTEJBHOH
conporusiernem (I) u 6es mero (2).  jyyppaeTcst ¢ POCTOM YaCTOTHI, yBe- TOTpeIIHOCTH 3HauyMTeNBHO Bo3pacraer H npu I, = 0,33 u T, = 0,2
JIHYeHHEM 3330pa H YMEHBIICHHEM aM- MOXeT JIOCTHTHYTD £ (20—25)% naxe npu KCTOIB30BAHHH NONPABOYHEIX

Ty e H3mepsiemoro curnana (75). Tak Kak STOT CHal MOXer ObiTh sHa- rpadukos.
YUTEJBHBIM, TO JUISi YMEHBILEHVs YaCTOTHO#H NOTPEIIHOCTH BATTMETPA NOJIb Kpome 70ro, crieftyeT y4uTIBaTE, YTO RNPH HAJNHYMH TAPMOHHYECKHX
3yI0TCA IKCIEPHMEHTAIBHO CHATHIMI NPH KaJIHOpOBKe KPHBBIMH amnnﬁmyn- COCTaBJISIIOIHX B HM3MEPSIeMOM CHIHalle BO3HHKaeT JOTIONHKTEbHAS TIO-
HO-9acTOTHEIX nomnpaBok. Onpefiesisisi e NOrpelHocTk MeTO}Ia"(leI opa), - rpelHocTb. MakcHManbHOe 3HayeHHe JONOMHHTEIBHOR HOTPEIHOCTH 3a-
YUMTHIBAIOT HEHCKJIOUEHHLH OCTaTOK 4aCTOTHOHM norpemﬂocg.. (norperu- _. BHCHT OT COOTHOLCHHS! aMIUIMTYJ FAPMOHHKH M OCHOBHOTO CHTHAIA, KO-
HOCTH MONpaBoyHOro rpaduka). PaGoyne BATTMETPBl KaIHOPYIOT C N0 sprumeHTOB NPe06Pa3OBaHKs Ha OCHOBHOf YaCTOTE H YACTOTE rapMOHHKH,
MOIIIO OGpA3IOBHIX BATTMETPOB H YC1aHOBOK. CHBHra (ha3 MexJy OCHOBHOH H IapMOHMYECKO§l COCTaBJSIOMMME M BHAA
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netekTupoBanusA. CaMpifi HeGMaroNpHUSATHELT yronm chBura (as paBeH
/4 nasi BTOpo# rapMOHHKH U /3 pasi TpeTheit TaPMOHHKH.

Ecau ko3dduinenTs! npeo0pas’oBaHHs Ha yacTOTaXx apMOHHYECKOH
COCTaBJISIIOIEH W OCHOBHOF OJIMHAKOBHI, TO NMPH NHUKOBOM JETEKTHPOBa-
HMH MaKCHMaJbHOEe 3HayeHHe JIONOJIHHTEeJBHOH norperHocTH GyJeT paB-
HO YIBOGHHOMY 3HaueHHIO Koshdummenta rapmonnku K,. Hanpumep,
npu K, = 0,1 (na 20 1B menblue ocHoBHOM coctaBasiomed) Spop = 0,2,
uwin 20%.

K IoCTOHHCTBaM MeTOAa CieflyeT OTHeCTH NMPOCTOTY, BBICOKYIO HaJieX-
HOCTh, BO3MOXKHOCTH H3MEpEHHS- KAK HENpepHIBHBEIX, TAK H HMIYJbCHO-
MOJYJIHPOBaHHBIX CMTHAJIOB.

HenoctaTkamu MeToaa SIBASIOTCA: HU3Kasd TOYHOCTh H3MepeHHME; or-
paHHueHHbIH paGounit uanasoH YacToT, 0COGEHHO NpH NOJB30BaHHH BaKy-
ymipiMu CBU nuonaMu; 3aBHCHMOCTh MOKasanHi MpuOopa OT BEJNHYKHBI
rapMOHHYECKHX COCTABJISIIOUINX B H3MepsieMOM CHTHaje; HeoOXOIMMOCTb
HCIOJIb30BAHKS NONPABOYHBIX TPadHKOB.

2.6. METO/J, C UCNOJSIb3OBAHMEM YACTOTHO-M3EUPATESIbHBIX
®EPPUTOBLIX SAIEMEHTOB

QeppUTOBHIE 3JE€MEHTH 00JafaloT “cBoficTBOM pe30HaHCHOrO MOIJIOo-
WEHHST SHEPTHH BHICOKOYACTOTHOTO 3JeKTpoMarHutHoro moas [79—801.
B oCHOBY TeopHM 3TOrO SIBIEHHS INOJIOXEHO KJaccHyeckoe oObsCHEHHE
OPHPOJILI MAarHeTH3Ma, H3 KOTOPOro CJleflyeT, YTO 3/eMeHTapHBIMH HOCH-
TeJSIMM MaTHeTH3Ma SIBJISIIOTCH 3JeKTPOHBI U sifipa aromoB. Hccnenosanus
noKasallH, 4TO (peppOMarHHTHbIE CBOJCTBA BEILIECTBA CBS3aHBI TJIABHBIM
06pa3oM €O CHHHOBbIM MATHHTHEIM MOMEHTOM 3/eKTpOHa. I[Ipu nocross-
HOM MAarHETHOM 1oJie HanpsDKeHHOCTH H, 3/1ekTpOHHBIH CNEH HauMHaer
NpeneccHpoBaTh ¢ YacToTofl, KOI0PYI0 HaspBAIOT YacToToi ¢eppomar-
HHTHOTO pe3OHaHca: .

Opes = Vefos (2.57)
rlie Yo = e/ms,C — rUPOMarHHTHOEe OTHOLUeHue; e, M, — 3apsif ¥ Macca
3JIeKTPOHA; ¢ — CKOPOCTh CBETa. .

Ecan B mnockoctn o0pasna ¢$eppOMarHHTHOrO MaTepuania, nepreH-
JHKYJISIPHOR HANpaBJeHUIo MarHHTHOro noss Hy, Npuioxute nepemMeHHoe
CBY marsuTHOe nojie ¢ YacTOTOii, PaBHOM COGCTBEHHOM 4YaCTOTe mpe-
LileCCHH, TO BO3HHKHeT (eppoMarHuTHEI pe3oHaHC M obpaseu ¢eppo-
MarHHTHOTO MaTepHaia OyHeT morsomars suepruio CBU.

2.6.1. Ny peobp M H3Mef Hble Gnoku (epy
BaTTMETPOB

JIlns mameperust CBU MolHOCTH NPHMEHSIOTCA CJEMlyIolHe pasHo-
BUIHOCTH MPHEMHBIX NpeoGpasoparenefi ¢ GpeppHTOBBIMH 3EMEHTAMH.

1. TIpeo6pasopatent, y KOTOPHIX NOJ JiefiCTBHEM NOFJIOLLAeMOft CBY
MOILHOCTH HarpeBaetcsi ¢eppHTOBEIH 3/1IEMEHT W H3MEPHETCS NMPH STOM €ro
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TeMnepaTypa WM MOLIHOCTb 3aMellleHHsT NOCTOSIHHOTO TOKa WJIH nepeMeH-
HOTO TOKa HH3KOH YaCTOThl, BHI3HIBAIOLLAs 8HAJIOTHYHEIH Harpes.

2. Ipeo6pasoBatesi, HCNOJB3YIOLIHE HEJHHEHHBIE CBOHCTBA NOIVIO-
waloiero (peppHTOBOro 3JieMeHTa.

@eppuroBrie npeobpasoBarenu Nepporo THma nofiobHo Gomomerpu-
4ecKuM, paboTaioT B COYETaHHH C MOCTOBBHIMH H3MePHTEJIBbHHIMH YCTPOii-
ctBaMy. ONIHAKO MPH 3TOM BO3HHKAIOT TPYJAHOCTH B CO3JIaHHH H3MEPHTEN b~
HOTO MOCTa, NMPHIOAHOrO Jisi paboThi ¢ BHICOKOOMHEIMH 3jeMentamu [81,
87] (HoMHHa/NBHOE CONMpPOTHBJEHHE MapraHUeBBIX M MarHuifi-MapraHie-
BHIX (PePPHTOBBIX 3JE€MEHTOB, HMEIOUIMX LIHPHHY PE30OHAHCHOTO MNOTJIONe-
Husi nopsinka 800—400 A/M, cocraBasier
105—107 OM, a HOMHHaJBHOE COMpPOTHB-
JIeHHe UTTPHEBHIX (eppPHTOBHIX 3/€MEHTOB
CO CTPYKTYPOH rpaHaTa, OTJHYAIOLHXCS
y3KOH KPHBO#l pe30HaHCHOTO NOIVIOUEHHS, ~ L Hp - ES
npeBenaer 10%° Owm). ITostoMy Ha mpak- .

/ 1 / Peay
Puc. 2.61. Pacnonoxenue ¢GpeppuroBoro sjaeMeHra JF Vi
‘B BOJJTHOBOJE:

I — pepxarenb; 2 — BWBOAM XaTywku; 3 — deppATOBHIR a
BNeMenT.

Tuke Jas1 HamepeHusi CBU molHoCTH yanle NPHMEHSIOT TEPMONAphl HIH
TEPMHCTOPHI, € NMOMOLIBIO KOTOPHIX PETHCTPHPYIOT TEMINepaTypy Harpesa
¢deppuroBoro snemenra [82]. .

B [83—85] onmcaHo sBJIEHHE, CBA32HHOE ¢ HEJHHEHHBIMH CBOHCTBAMH
¢eppHTOB, KOTOPOE JIETVIO B OCHOBY CO3JlaHH$i ()epPPHTOBOTO NpPHEMHOTO
npeoGpazoparens aasi usmepenuss CBY moHocTH. CymHOCTE.eT0 3aKo-
yaerTcs B caefyiouieM. Eciu HamarHuyeHHbI ¢eppHTOBHIE 3JEMEHT, IMO-
MelleHHE# B MarHutHoe noje CBU B miockocTH ¢ KPYroBoit mosisipusa-
umedt (puc. 2.61), pacnoJoxKuTh BHYTPH KaTYLIKH, NMHTaeMOH MOAMAarHH-
YHBAIONMM TOKOM YacToThl F, 3HAYMTEJILHO MeHbILefi 9acToThl (eppomar-
HHTHOTO Pe30HAHCA fpes, TO B PE3yJbTaTe MOLYJSIIHH MarHHTHONO NOJIS
npH (epPpPOMATHHATHOM pE3OHAHCE MOSBATCH HYTALHOHHbIE KOJeOaHus
BEKTOpa HAMarHWYeHHOCTH ¢(eppHTa, a B KaTyllKe BOSHHKHET 3. L. C.
€ 4aCcTOTaMH, KDaTHBIMH 4acTOTe MOAYJISALKH. ITpH 3TOM aMmiiuTyla Kax 1ok
U3 CIIEKTPAJIbHBIX COCTABJSIIOMMX 3. A. C. OKashiBae1Ccs NPsAMO NPONOPUHO-
HasibHOH MowHOocTH CBY curnana, pacmpocTpaHSIOWErocsi B BOJIHOBOJE.
TToCKOMIBKY AMIUTHTYIB COCTABJSIOIHX GHICTPO YMEHBIIAIOTCH ¢ POCTOM
HOMepa FapMOHHK, AiA H3MepPeHHs NPEANOYTHTEIhHO HCMOJb30BaTh BTO-
PYI0 TapMOHHKY.

HuepiHoHHOCTh (PePPHTOBOTO 3JieMeHTa OnpejieIseTcsi MHPHHOH Mo-
JIoCH (eppOMarHUTHOrO pesoHaHca u aas 2AH = 13 (yro cooTBeTcTBYET
2Af ~ 3 MI'u) BpeMsi yCTaHOBJ/IEHHSI MPELECCHH COCTaBJIAET BEJIHYHHY NO-
psuika 0,1 MKc. D10 3HAUHT, YTO (PePPHTOBHIH IEMEHT MOMET MPAKTHYECKH
Ge3pHEPIHOHHO NPebGpa30BHIBATE HENMPEPHIBHbBIE H HMITYJBCHO-MONYJIH-
poBankbie CBY curHann (AnutenbHOCTBIO Gosiee 1 MKC) B pafHOCHTHAJED
¢ Toit e orubaloueit u aMIIETYJ0#, nponopuuosanbroi CBY momHocTH.
Takum o6pasom, 3aaua uamepetiisi CBU mMoumocTH MoXkeT OBITh CBeReHa
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K H3MEPEHHIO aMIUTHTY/bl HanpsKEHHS OTHOCHTeJIBHO HH3KOH panHOuac-
TOTHl Ha BHXOJE (eppHTOBOTO npeoGpasoBatesist (KPOCCYMHOMKHTES)
(npeoBpasosarenisi, B KOTOPOM HCIOJB3YETCS OMHCAHHOE SIBJICHHE).
Barrmerp, ocHOBaHHbIE Ha NaHHOM MeToJie, BKjlouaeT B cebsi Kpocc-
yMHOXHTeNb (pHe. 2.62) ¢ cornacoBaHHOli HArpy3Koit Ha BBIXOJE, MOAY-
TP ¢ (PHABTPOM, YCHIMTENb ¢ GUIBTPOM H MHKOBEIH BOJBTMETp. Dep-
pHT HAMATHHYHMBAETCS C IOMOLIBIO 3JeKTpoMaruuta. [Ipn m3mepeHHH
CBY mowmocTH HanpsiKeHHOCTh MaruutHoro nosist Hy ycranaeanpaior
. Takol, mpH KoTopoi Ha wactore uamepsiemoro CBU curuana BO3HHKHET
deppoMarnuTHeIE pesonanc u deppur Oyzer norgomars CBU MomHoCTb.
Hamaruuuusaromee none Hy MORyJHpyeTcs: HH3KOYACTOTHBIM MOJIEM, CO3-

X LE

o F L

~ | 2F Nuxobert

A > onsmmemp _®

Peay
> ” ' KpoccyM- _E._D
HOKUIMEN

Puc. 2.62. CtpykTypHasi CXeMa BaTTMETPa C KPOCCYMHOXKHTEJEM.

JlaBaeMbIM KaTYILKOH, HA KOTOPYIO MOJaeTcst CHrHanm yactoTh F ot Mony-
asiTopa. BosHuKalOmMi MPH 3TOM B KaTylIKe CHIHAJX 4actoTe 2F oTuIIbT-
POBBLIBAETCSI, YCH/IMBACTCS H M3MePHETCs MHKOBLIM BOJLTMETPOM, LIKATy
KOTOPOTO TPajlyHpyloT B €IHHHIAX H3MepsieMOH MOLIHOCTH. « .
KoatdrupenT npeobpasoBanHsi KPOCCYMHOMKHTENEH — OTHOLUCHHe
5. J. €. 2-i rapMOHHKHM K BeJHYHMHe Hajaiowefi MOWHOCTH — NOpsi/Ka
5—10 mxB/MBr. CorsacoBanHasi Harpyska obecneumBaer Maiwiit KCB
KPOCCYMHOXKHTENISI B OTCyTCTBHE (heppoMarHHTHOro pesonanca. Herpyn-
HO BHJIETh, YTO OMMCAHHASI CTPYKTYPHA#i CXeMa MOXKeT ObTh NPHMEHeHa

BHJ N7I0CKOH cnupasni, napajnenbHol WPoKoil crenke BostHOBoAa. Otpes
30K BOJIHOBOXA Pa3MEILCH MCXy MOJIOCAMH 37EKTPOMATHHTa, CO3/aI0Mero
HeoOXOMHMYIO HaNpsKEeHHOCTh NoAAMarHnyHBakus. [a KoHue oTpeska BoJ-
HOBOJA BKJIIOYEHA COIJIACOBAHHASI HArPY3Ka.

Hssecto [82], uto npu pacnosoxennu ¢eppura (cM. puc. 2.61)
B TOYKe .

xo = (a/m) arc sin (Ap.,/20) (2.58)

(rze Ape, — AJIHHA BOJHH TNPH (EPPOMATHHTHOM pe3oHaHCe) Koadxpu-
LHEHT OTPa)KeHHs NpHEMHOro npeobpasoBaressi Ha yacToTe Qeppomar-
HHTHOrO PE30HAHCA MOYTH PaBeH HyJIo, a Ko3(pduuHeHT npeoGpasoBanus,
3aBHCANIMH OT TOIJIOLIEHHS, CTPEMUTCSI K MakCHMyMy NpH Ko3hdHIH-
eHrte cBs3u, pasHom 1. TIpu atom oGecre-
YHBAETCS BHICOKAs HaMNpaBJeHHOCTH (dep-
pHT, non«emermmﬁu B MNIOCKOCTE C KPYIo- e
BOil NOJIAPH3aLHEH MArHHTHOTO NOJfA Npa-

BOTO BpaleHHs, C1ab0 pearHpyeT Ha OT- g5 / \
PaxKeHHYIO BOJHY). / \
qor g1 40

Pasmepn cepwr depputa M napameTphl 3MEKTPOMArHHTa BLIGHPAIOT
HCXOJIs H3 BEJIHYHHEI KO3(XpHIMEHTa CBsA3H (epPHTOBOrO 3JEMEHTa C BOJ-
HOBOJIOM Ha cpeJiHeil yacToTe JAHANMa3oHa:

Kep=n (vcﬁl/azb) Xl,;;

oy

Puc. 2.63. 3aBucumocTs KO3pQPHUUMEHTa NOTIOLL2-
HHS OT NMapaMmeTpa CBA3H NpH As=2a.

70 Keg

(2.59)

The Ucg — 00beM cdepsl Qeppura; @, b — pasMepnl BojHOBOAZ; Xp =
= M,2AH; M, — HamarHuueHHOCTh Hachilenus; 2AH — mmpHHa
Pe3oHaHCHOM KPHBOH NOTVIOWEHHsT (eppHTOBOIO MOHOKPHCTANJA, H3 KO-
TOPOTrO H3rOTOBJIEH 3JeMeHT (cdepa). ’

Beanunna kosddHuieHTa CBsi3H onpelelsieT CTeneHb NOTJIOWEHHS
MOLIHOCTH, pacrpocTpaHsiomeiicss no. BonHoBoAy. [lonHoe noryomenne
HacTynaetr mpH Kos(puUHEeHTe CBSI3H, PaBHOM emuHHIe (pHc. 2.63).

ZUISi M3MEDEHHS MOIIHOCTH HENPEPHBUBX H HMIYJBCHO-MOAYIHPOBAHHEIX « BuGHpan pasmepii chopei deppHTA 1 KoS(DGUIMEHTA CBA3H, MOMKHO
CHTHAJI0B, & NIPH COOTBETCTBYIONEH TPALlyHPOBKE SMEKTPOMATHHTA — TaK- CO3JaTh NpHeMHbIH npeoGpa3oBatenb JIS H3MEPEHHS NOIJIOMACMOl MOLL-
xe 1 uactotsl CBY currana. HOCTH (K¢ = 1). Tak Kak ¢eppuTH 06,1a[a10T HANPABJIEHHOCTBIO Ha yac-
KpoccyMHOMHTEIH MOKHO HCTIONB30BATE H JUI5 H3MEPEHIH 5T MOLUHOCTH ToTe hepPOMArHHTHOTO PE3OHAHCA, T. €. He PearHpyioT Ha MArHHTHOE Io-
GonblukX ypoBHefi, ecin OylyT obecreyeHh yCIOBHS BOSHHKH%%G‘TH o~ | Jle ¢ KPYroBoil mosisipH3aiHefi JIeBOro BPALIEHHsl, TO NMPH COOTBETCTBYIO-
NOMHUTENBHOTO (eppoMarHTHOro pesonanca [86]. Tlpu stom Mou- LM DACTIONOMEHHH JIBYX (ePPHTOBEIX 3J1eMEHTOB MOXHO CKOHCTDYHPO-
HOCTB, IPOXOJSILLAR YEPE3 OTPE3OK BONHOBOAA, NMPaKTHUECKH He oc/aGns- BaTh NpHeMHHIT 1peo6pasoBaTesh IS H3MEPEHHs NPOXOASILEH MOLHOCTH.
eTcsi, a aMIMIHTYJAa MpeoGpa3OBaHHONO CHrHAJa NPONOPUHMOHAIBHA eif. B 5TOM Cl1yuae JOTAHO BHIOTHATHC yeioBHe K op & 1. Toria Ouus (ep-
MaKcHMalbHas H3MepseMasi MOLIHOCTh B TAKOM CJIydae OrpaHHYHBaeTCs PHT GYJET NOMMOMATS YaClb NOIHOCTH Nafalouel BOTHE, a ApYrof —
3JIEKTPHUECKOH NPOUHOCTRIO BOJHOBO/A- . TaKylo e 4acTh OTPAXKEHHOH. PasHOCTH MOTIOUIEHHEIX ($epPHTOBBIMH
HekoToptie 0COGEHHOCTH KOHCTPYKUMH BOJHOBOLHbIX q)em_m'roawf 3/eMEeHTaMH MoltHoeTel GYICT NPONOPUHOHANEHA MPOXO/SIIEE MOIHOCTH
npeoGpasoateseii. DeppHTOBLIE npeoGpasoBaTesb (KPOCCYMHOKHTENIL) B MuniuMeTpoBOM JMAnas’oHe AJHH BOJH C LEJIbIO YMEHBIICHHS raba-
TIpEJICTaBJISieT OTPE3OK NPSMOYTOJBHOIO BOJIHOBOAZ, B KOTOPOM H2 KOHLG PHTOB 3JIEKTPOMATHHMTOB JKGJIATeTbHO TMPHMEHSATh MATHUTOOMHOOCHKIE
RUSTEKTPHYECKOTO JePXKATEIs PACIONONKEHA KATYIIKa C ¢eppHTOBOI — — eppHTH, OGIATAIOMME 3HASHTENLHOM BRYTpEHHER MATHHTHOR ARH3OTDO-
cepoit B nentpe. Peppurobasi cpepa HaXOAHTCS! B MJIOCKOCTH € KPYToBokH npeit ’ ¢
nonspusanueii MaruutHoro uosist CBU (cM. pue. 2.61). Katymka umeer :
78 . 79
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2.6.2. BOZMOMHOCTH M JOCTOMHCTBA METOAA

MeToz TIpHMEHHEM B JHanasoHe 4acToT OT COFeH Merarepu 10 He-
CKOJIBKHX JIECATKOB Trurareptl. JIKanasoH uacroT CBEpXY OrpaHHuKBacT-
51 rabapHTAMH 3JCKTPOMArHHTOB H CBOHCTBaMH MOHOKDHCTA/IOB ¢ep-
porpaHaToB.

JIuHamuuecKufi AHanasoH Tropsaika 20—25 pBb. IlpeoGpasoBaTenn
NOrJIOLaeMOl MOLIHOCTH 0GeCIeuHBaloT H3MEpEHHe MOILHOCTeH OT COTeH
MHMKDOBATT /IO COTeH Mi/LTHBATT. HIKHIi YPOBEHE ONPENIeNAeTCs UyBCTBH-
TeJILHOCTBIO M3MEPHTENIbHOrO 6/I0Ka W OrpaHUYHBACTCA yPOBHEM Ha €ro
BXOJie, & BEPXHHHA—CNHH-BOJHOBOH HECTAOHJIBLHOCTEIO, XaPAKTEPHOK
sl HeJMHeRHOro ¢eppOMarHHTHOTO pE30HaHCa, 06ycJIOBJIEHHOH paso-
rpeBOM Teja (eppuTa B pe3yJbTaTe NOTJOHEHH HM  MOLHOCTH

CBY. . )
TIpeoGpasoBaresin npoxXoAsmeH MOIIHOCTH H3-32 MaJIoro Koaqxpnmf-
€HTa CBSI3H 06CCTIeYHBAIOT H3MEPEHHE MOIIHOCTEH Gosiee BLICOKHX YPOBHEH.
Ipn 3TOM MeTOfe OTCYTCTBYET 34BHCHMOCTb MSMEDEHHH OT JMTHTENLHOCTH
¥ YACTOTHl CIEJOBAHHS HMIYJLCOB NPH JUTHTEBHOCTAX HMIYJbCoB Gonee
0,5 MKC. - .

Tpu6opr! ¢ GeppHTOBBIMHA npeoGpa3oBaTe/IfiMH, KaK NPaBHJIO, KaJH
pyor no o6pasLOBLIM BATTMETPaM. Hx norpemHocn‘yﬁes yuera rnorpeur-
HOCTH PacCOIJIaCOBaHHs! COCTABJIACT NOpsiAKa 10—15%.

K JOCTOMHCTBaM MeTOa CJEAYyeT OTHECTH CJEAyIollee: )

— ¢eppHTOBLIE  TIPHEMHEIE npeoGpasoBatenu 06aafaioT BhICOKOH
HaJEKHOCTBIO M YCTOHUHBOCTBIO K NEpErpyskam, cTa6u/JILHBIMH Napamer-
paMH B TEUEHHE JJIHTEJbHOTO BpEMEHH. Yc10HuHBOCTE K nepen;)%yaxam
obycoBieHa 3(eKTOM HACHILICHHA (eppHTOBOTO 3/1€MEHTa B JlaCTPf
remnepatypel KiopH, B pe3yJILTaTe Uero SHAUHTELHOE YBOJHUCHHE MOL
pocti CBY nocsie AOCTHXKEHHS 3TOH TeMnepaTyphl HE NPHUBOLHT K 3aMeT-
HOMY TIOBBILLIEHHIO TeMIIEPaTyphbl SJEMEHTa;

— ¢eppuTOBbIE 3JEMEHTH SBJAIOTCH u3GuparebHEIMH, HOSTOM}j
MeTOJ MPHMEHHM JUIfl H3GHPaTebHOro M3MEpEHHs! MOIHOCTH B Ié%}{b(?f?
CTBHH MeIAKlHX CHTHAJIOB, H3GHPaTeIbHOCTh NPH PACCTPOHKE Ha i¢
cocrasasier 20—30 1B; .

— (eppHTOBbIE 3JEMEHTH 00.1a/1al0T HaMpaBJeHHOCTLIO, n0<)63rromy

(Moryr 6LITh HCIO/BL30BAHbI NPH KOHCTPYHPOBAHHH IPHEMHEIX npe Paso-
BaTeJefl BATTMETPOB NPOXOASAIIEH H NOTJIOMAIOLIEH MOLIHOCTH;

__ MeTOJ TIO3BOJISIET M3MEPSITh MOLIHOCTh KAK HENDEPLIBHLIX, TaK H

HMMIYJBCHBIX CHTHAJIOB. )
b of yHem)CTaTKaMH MeTona SBJSIIOTCH: HeGOJIBILOH }J.mgzmnqecmunnﬂz;;i:
) #30H; CJIOMHOCTb B YIPABJIEHHH H3MEPHTEbHbIMH IIDH paMnaS;gTb ane-
¥ geHuM yacTOTHI H3MEPSIEMOro CHrHaja TIPHXOJMTCS NepecTp it
MATHHUMBAIOULYIO CHCTEMY NpHOOpa); CPAaBHUTEJIBHO Gonbuias HH}?(I))’:Z,)}{OH-
nocts (nopsaka 0,1—10 ¢) ¢eppHTOBEIX npeoﬁpa3OBaTeg§In,Mg Hoc'rI::Io)-(
\ ycrosib3yercs HarpeB (epPHTOBOIO, SMEMEHTa MOIJIOMACM: e 1y 1
TeMnepaTypHasi 3aBHCHMOCTb Pe3OHaHCHOW HacTOTHL ¢deppuTa.
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2.7. KPATKME CBEAEHWA O NPUEOPAX OJ1 M3MEPEHUS MOLLUHOCTM
B ONMTMYECKOM AMANA3OHE ANWH BONH

B BarTMerpax, mpelHasHaueHHLIX /il M3MEDEHHS MOIIHOCTH OITH-
YECKHX KBAHTOBBIX I€HEPATOPOB, B OCHOBHOM HCIOJB3YIOT KaJOpPHMETPH-
ueckHii Meroy usmepenus [89]. Anasormuno CBU BatT™eTpaM npuGOpEI
COCTOSIT H3 ABYX OCHOBHBIX yacTefl — NpHeMHoro npeoGpasoBaresis (Kajio-
PHMCTPHYCCKOH HArPY3KH) M H3MEPHTEJBHOTO 6/10Ka € OTCYETHBIM YCTpOii-
crBoM. Ecin u3MepuTelbHEIE CXeMbl NPUGOPOB MOYTH HAEHTHYHE! CXeMaM

BatTMerpoB CBY, To mpueMHble mpeo6pasopaTesi 3HAYHTEJIBHO OTJIHYA-
—

s,

B [90] npoananusnpoBank pasiiMuHLe KOHCTPYKIMH KaJOPHMETDH-
YECKHX Harpy30K B BHJE Chephl, KOHYCa, MOTK2 IPOBOJIOKM, TIOMELIEHHOTO
B 3ePKaJibHYIO Cepy, IOKa3aHo, YTO OCHOBHBIE TPEGOBAHHUSI, MPEAbsBsIE-
MBIE K HHM, — Majiasl BeJIHYHHA KO3((DHIHEHTa OTpaKeHHs AJS CBETa U
JOCTaTOYHO .NIOJIHAs! 3KBHBAJIEHTHOCTb 3aMEIIEHHS H3MEPHEMOH MOLIHOCTH
MOIIHOCTBIO NMONOTPEBa, — MOTYT GLITh BHINOJHEHB! NPH NPABHIBHOM Bbi-
60pe KOHCTPYKLIMH.

Hcxonst B3 reoMeTPHYECKHX Pa3MEPOB KaJIOPHMETPHUECKOH HArPY3KH
H KO3b(HIHEHTa NOIJIOUIEHHS BHYTPEHHEH TNOBEPXHOCTH Gp, MOXKHO
onpeenuTh KO3(phUUHeHT NOTJIOLEHHS! B HANPABJIEHUH Nafaloero Jyya
apr. Tak, A5l KaJOPUMETPHYECKOHl HAarPY3KH B BUZe cepbl KO3(dHLH-
€HT NOIVIOLIEHHS] MOXeT ObITh BHIPAXKEH B BHJE

ap & 1 — (1 — ap) (ron/2rce)? (2.60)
TIe regy Fox — PAAMyCHl Cephl H OKHa.
_ Jlyis KOHYCHO# Harpysku
app =1 — (1 — ap)?3 (Blr?, + 1)-12, (2.61)

rae { — BHICOTa KOHYCa.

Ha npaxkTHKe NPHMEHSIIOT KaJOPHMETPHYECKHE HArPY3KH B BHJE
MeJiHOro Koryca. JIyy; MAyIHii BAOJb KOHYCa, TOIVIOMAETCS NOYTH NOJ-
HOCThIO. [JInsl siyvelt, HAYLIMX TOX YIVIOM K OCH KOHYCa, KO3(HUHEHT
TIONVIOIEHHST OYe€Hb GBICTPO YMEHBLIAETCS € YBEJIHUYEHHEM Yriia. Meamblii
KOHYyC Harpy3ku npu6opa MK3-18A u M3-24 umeer yron npu Bepuinne
45° u nuametp ocroBaHust 20 MM. [lnst yBenHueHHS KOGHIMEHTa NIOIJIO-
LIEHHS] MOBEPXHOCTb KOHYCa YEPHAT. DKCNEPHMEHTAIBHO YCTAHOBJIEHO,
YTO KO3(XPHIMEHT OTPaXKEHHS ISl KOHYCHO# KaJIOPHMETPHYECKO# Harpys-
KH 33aBHCHT OT YacTOTH. [Ipy yMEHBILEHHH JUIHHBI BOJIHBI OH YMEHBIIAETCS.

B taba. 2.5 npuBeieHb 3HaUeHHS KOI(DDULIMEHTa OTPaKEHHS IS MeJl-
HOrO NOYePHEHHOTO KoHyca [93]. JTyulne pesyLTaThl NOMYYAIOTCH NPH M0~
KPBITHM MOBEPXHOCTH KOHYCa 8KBaJarOM C JIAKOM, YTO MO3BOJIsieT Pacllu-
PMTh 4YaCTOTHbIf JManasoH KOHYCHOH KaJODHMETPHUYECKOH Harpysku.
Hapymenne nokperrssi, BO3HHKAIOLLCE NP GOABIIKNX TJIOTHOCTSIX MOILHO-
CTH NaJAIOLIEr0 H3/1yYeHHs], IPHBOAAT K HCKaXKEHHIO PE3YJIbTAaTOB H3Mepe-
HUHA. DTO OTMeyaeTcsl NPH HMNYJbCHOM CHTHajle HidTesbHocThio 100 He,
€C/IM TUIOTHOCTb H3nyueHusi Goabme 10° Br/cm2.

- Temneparypy HarpeBa KOHYCa MHAHLHDYIOT C NOMOIIBIO PE3HCTOpa
B BHJle OGMOTKH M3 TOHKOi HHKEJIEBOJi NPOBOJIOKH, HAMOTAHHOH Ha KOHYC.
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Ta6sauna 2.5

A, MEM 0,365 0,436 | 0,546 0,63 1 3,39

r, % 0,16 0,18 0,21 0,38

1,8 | 3

B HEKOTOPHIX 3apyGeHBIX MOJENAX MPHOGOPOB KAJOPHMETPHUCCKHE
Harpy3KH BHINOJHSIOT B BHJIE YTOJIBHOTO TOJIOTO KOHyCa, a TeMIeparypy
€ro Harpepa MHAMLHPYIOT C NOMOIIbIO TEPMHCTOPA. J11st BO3MOXHOCTH Ka-
JIHGPOBKH KaJOPHMETPHUeCKOl Harpy3KH H pa6oTh! ee B CXeMe 3aMeLeHHst
HCNIOIB3YIOT TOZIOTPEBHYI0 OGMOTKY.

r d@zaaﬂbui
ermex mo,
A exmop

Pabovas aI
Hazpy3Ka
Ip Cyemyuk
Bpemernu

Yempoucmbo |
ynpabnexus

C}m} J_ L

IHepeun

Onoprag
HazpyKa

Hemovnu k
moxa

MowgHoc me

Ig—> y

Puc. 2.64. OynxuuonansHas CxeMa BaTTMETPa MK3-18A.

TIpeoGpasopaTesst npHOGOPOB MK3-18A u M3-24 cozepxar ,u,eBe p;}]}g;:
THYHBIE KOHYCHBIE KaJOPHMETPHYECKHE HArPy3KH, pacnonomeugm B es-
Jax nacCcHBHOro Tepmocrara. OfiHa M3 HarpysOK ABJIACTCA pa OlIeH,2 %4 )
pasi — onopHoft. Ha nojiorpeBHEE 06MOTKH 00eHX Harpy3oxk (puc. 2. .
BKJIOYEHHBIX MEXAY COGOfl MOC/EeAOBATe/BHO, NOJAETCs ONOPHLIH TOKHa-
CTa6GHIH3HPOBAaHHOTO HCTOYHHKA TOKA. TepMOpe3HCTOPhI Kony:m)émcﬂ
rPY30K BKJIOYAIOT B CXEMY camo6ajiaHCHpYIOErocs MocTa, ng;a?:;lm c
OT reHeparopa 3BYKOBOH 4aCTOTBL. ITox AeficTBrEM ONOPHOTO Te @ Ka P
METPHUECKHE HATDY3KH HarpeBarorcst 1o CTaUHOHAPHO TeMN gﬂ Hgf‘e -

Tpu nonajaHuu CBeT2 H2 paGounii KaJopuMeTp Jion HTCIBHO
HarpeBaeTcsl MEIHEI KOHYC H COOTBETCTBEHHO TepMOpE3HCTOP, HaM i
HbiH Ha HeM. BanaHc MOCTa HapyLlaeTcs. Curnai pasbajaHca YCH/IHBae
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csl 1 nojaercs Ha (hasoselil gerekTop. IlocTosHHbIT TOK ¢ BhixoAa ¢aso-
BOTO JIETEKTOpPa MOCTYNaeT Ha MOJOTPEBHYIO OOMOTKY pabouefi HarpyskH
TAaKHM 06pa3oM, 4TOObl MOLIHOCTb MNOJOrpeBa Ha HeH yMEHBLIWJIach H
TeMnepatypa OCTanach PAaBHOI CTAalHOHAPHOH. YMEHBILIEHHE MOLIHOCTH
MOJOTPEBa Ha BEJNHYHHY ’

PaaM = (210 —_ AI) AIR

paBHO MOILIHOCTH CBe€Ta, MOIJIOIEHHOroO B paﬁ()‘leﬁ Ka.nopnme'rpuqecxoﬁ
Harpy3ke. MaMepsiemMast MOLIOCTh OTCUHMTHIBAETCS N0 HHAHKATOPY, H3MEPSIO-
weMy ToK Al. Ecnu Tok Al 3HauMTENLHO MEHbIlE ONOPHOrO ToKa [o, TO
LIKaJjia OTCYETHOro npubopa 6;1HM3Ka K JHHEHHOMH.

e R s U ]

™

Puc. 2.65. O6wuit pun sarTmerpa MK3-18A.

Hamepurenbrbiii 6jok BartMerpos MK3-18A u M3-24 nossossier us-
MepSATh HEPTHIO OLHHOUHBIX UMNYJibcoB [93]. B pexume uamepenus smep-
TMH OJHHOYHBIX HMIYJIbCOB NPHHIMN paGoThl NpHOOpa OCHOBAH HA M3Me-
PeHHH BpPeMEHH OTKJIIOUEHH S NOJIOTPeBHO# OGMOTKH paboyero kajaopumerpa
Noc/ie BO3JEHCTBUS HMIYJBCA ONTHYECKOrO H3nyyeHus. Bpems oTkiio-
YEHHS] — JI0 BOCCTRHOBJIEHHS CTRUHOHAPHOH TeMIepaTyphi — NpONOPLRHO-
HaJIbHO 3HepruM uMmnyJbca. [udpoBoit cueTunk BpemeHn oTKmOueHHS Ka-
JIOPHMETPHYECKO# HArPy3KH OTKaJHOPOBaH B €UHUIEAX SHEPrHH.

OcHoBHBIE XapakTepHCTHKH BaTtmerpa MK3-18A, o6umii Bun koTo-
poro npuBefieH Ha puc. 2.65, creayrouue:

— JManasoH AJIMH BoJiH 0,4—3,5 MKM;

—-HHAUKAUKsT CPefHEH MOIHOCTH 1O CTPeJIOYHOMY npu6opy;

— HomuHaJbl mKana 0,1; 0,3; 1,0; 3,0; 10 mBT;

— MakcuMaJibHasi TOTPELIHOCTh H3MEPEHHsI MOINHOCTH He GoJee
+10%;

— HHIMKaUusl SHEPTHH OJMHOYHEIX HMIYJIBCOB — UH(pOBas;

~ — InpejeNibl U3MEPEHHS 3HePrHH MMNYJbcoB 1—300 MIIxk;

— DOTPEIUHOCTh HM3MEPEHHs] 3HEPTHH OJHHOUHHIX HMITYJIbCOB —
He Gosiee +10% aJs1 ypoBHeli sHepriu ceomie 3 M/Ix u He Goaee +20%
g ypoBHeill Huxke 3 MJIK.
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2.8. OCOBEHHOCTH BATTMETPOB, MCMOMNb3YEMBIX B ABTOMATUUECKMX
CUCTEMAX

Tennenuua KomnaekcHoro uceaenosanns curuanos CBY npueena x co-
3[JaHHIO aBTOMAaTHYECKUX H3MEPHTEIbHBIX CHCTEM, KOTOPbIE B 60/IBIIHHCTBE
CJTy4YaeB UMEIOT JMCTAHIMOHHOE yIpaBJeHHe.

BarTmeTphi, BCTpOEHHBIE B aBTOMaTHYECKHE CHCTEMEbI, KK MNPABHJIO,
JIOJIKHBEI HMETh BBIXOJ Ha Camonucell WM UH¢poneyaraiiee yCTpoHCTBO,
COJIEpKaTh Y3Jbl aBTOMAaTHYECKOTO BHIGOPa NpPE/EJIOB H3MEDPEHHH, aBTOMa-
THYECKOH YCTAaHOBKH HYJS H Y3J/Ibl, TNO3BOJISIOLKE YIPABJIATh MPHOEOPOM
JIHCTaHUHOHHO. Kpome 3TOro, Takne nmpHOGOPLF JOJIKHB 06/1aflaTh MAJIbIM
BpEMEHEM peaKUHH Ha H3MEHEHHE YPOBHS MOLHOCTH, T. €. MaJIbIM BPEMEHEM
YCTaHOBJICHHS NOKa3aHuii. BpeMsi ycTaHOB/IeHN S NIOKa3aHHH B TePMHCTOP-
HBIX caMoGaJlaHCHPYIOIMXCSl BATTMETPaX ONPEAENAeTCs B OCHOBHOM HHEp-
LHOHHOCTBIO CHEASIEeli CHCTEMB! GajiaHCa MOCTa H HHEPIHOHHOCTBIO BLIXOJI-
HOrO MHAMKaTopa (MpH AOCTATOUHOM KO3(HLHMEHTEe YCHJICHHS CaeAsied
CHCTEMBI TEIVIOBOH MOCTOSHHOM TEPMHCTOPa MOXKHO npeHeGpeub).

Tepmucroprbie BaTTMeTphl M3-22 n M4-1 obnapjalor cpaBHHTENBLHO
GosbILOl MOCTOAHHOH BpEMEHH CJeAsuel CHCTeMEI 6ajiaHca MocTa H3-3a
MPHMEHEHHBIX B yNpaB/sieMbiX HCTOYHHKAX NMHTAHHA paGouero U OnopHOro
MOCTOB TaJlbBaHOMETPHYECKHX MHAYKLUMOHHEIX NpeoGpasosateneii u ¢oTo-
ycunuTeneil. FiamepeHHasi Ha KJI€MMaXx «BBIXOJ, Ha CaMONHCEl» NOCTOSIHHAS
Bpemenn pocruraer 100 Mc 1 Gostee.

CyuiecTBeHHO yMEHEBINAIOT NMOCTOSHHYIO BPEMEHH CJEASLeld CHCTEME
MPHMEHAS B CaMOGaJIaHCHPYIOUMXCA CHCTEMaX MOJYIPOBOAHHKOBLIE
3/1EMEHTBl H HHTEerpajbHbe CXeMbl. UTOGbI MOCTOSIHHAS! BPEMEHH YCTAHOB-
JICHHS! TIOKA3aHU{l BATTMETPa HECYUIECTBEHHO OTJIHYANOCh OT 3JEKTPHue-
CKOH MNOCTOSHHOH ciefsimed CHCTeMbl, HeoGXOLHMO NPHMEHSTL Majio-
HHEPLHOHHbIE BHIXOJAHHE HHAMKATOPH!, HanpuMep LH(ppPOBLIE. 2

Kak yxe ormeyasnoch, WH(POBYIO HHIHKALHKIO B TEPMHCTOPHEIX BaTT-
MeTpax OCYLIECTBJISIOT NPHMEHSS! NMHTaHHE MOCTOBOH CXEMbl HMITYJ1bCHLIM
HanpsiKEHHEM WM HCIOJb3Ysl &HAJIOTo-UM(POBLIE IpeoGpa3oBaTesiu.
PaccmoTpum  CTPYKTYpHYIO CXeMy BaTTMeTpa ¢ uuGbpOBOH HHAMKauued,
B OTCYETHOM YCTPOFCTBE KOTOPOTO HCIOAB30BaH aHAJIOTo-uuGpoBoil mpe-
obpasoBaresib (puc. 2.66). Cxema BK/IioyaeT B ceGsl iBa HIEHTHUYHBLIX paB-
HOIVIEYHX MOCTa, B OJIMH H3 KOTOPHIX BK/IIOYeH pabouHii 1€PMHCTOp, a B APY-
roii — onopHeiii. O6a MOCTa NMUTAIOTCH OT CaMOCTOSITE/NBHEIX HCTOYHMKOB
NOCTOSIHHOTO TOKa, 2BTOMaTHYECKH MOJIEPKHBAIOUUX MOCTHl B COCTOSIHMH
6ananca. Ecnn paGounii B ONOpHBIH TePMHUCTOPE! HAEHTHYHbI, TO NPH Ha-
yanbHOM Ganance MoctoB (MoiqHocte CBU He nocrymaer) nuraiompe Ha-
npsKEHUs GYAYT paBHbl, T. €. Uyy = Upag. STO PAaBEHCTBO HAPWUMTCS,
KaK TOJIbKO Ha paGouuii Tepmuctop 6yzer nojana mouuocte CBU.

B 3tom cayyae Pcpy = P,y = (Udu—-Upag)/4Rte wiin -

Pcpy = (Uog+ Upas) (Uog— Upa6)/4Rye, (2.62)
rae U‘;;ﬁ — HanpsXKeHHe IHTaHHs paGouero Mocra NpH TOJBENEHHOH
K Tepmucropy CBY mMomixocTH.

CrpykrypHasi cxema npH6opa oGecrieYHBaeT ONepaLHMio ONpee/eHHs
3aMelIAoIe!l MOLIHOCTH B COOTBETCTBHH € BhipazkeHueM (2.62). Jas storo
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curbalibl Ugy — Upas ¥ Uyy + Upag NOABOAAT K JBYM CaMOCTOSITEJIb-
HbIM Npeo0pasoBaTe/isiv, YNpaB/isieMbIM reHepatopoMm Mearzpa 5 kI
Ha Brixo/ie nepBoro npeo6pasopare)isi CHIHAJI HMECT BUJ MEaHDa, aMILIH-
Tyfi2 KOTOpOro nponopumonaibHa o, — Upss, Ha BHIXOZE BTOpOTO —
NPSAMOYTOJILHBIX HMIIYJLCOB TNOCTOSIHHOH aMILIHTY/Bl, LIMPHHA KOTOPHIX
nponopuponaibia Uy + Upae. TlonyueHHbIE CHTHAJNH NOCTYNaoT Ha
3JEKTPOHHBIA  KJIIOY, KOTOPBIH BBINOJHSET ONEPALMIO  YMHOMEHHS
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Puc. 2.66. CTpyKTypHas cXeMa TePMUCTOPHOTO BATTMETPA ¢ TPeo6pasoBaieM 3aMella-
lOl.Lle[ MOH{HOCTH B 3KBHBaJICHTHbIE NPSIMOYTOJIbHHE HMITYJIbCHI.

(Uog + Upae) * (Upg — Upae) 1 BbllaeT pe3ysinTaT B BHAE NOCTOSIHHOTO
HanpsikeHHsl MM TOKa. B pesysbTarte cpesiHee 3HaueHune 10Ka Ha BXoJe
OTCYETHOTO YCTPOHCTBA OKA3bIBAETCS NMPONOPUHOHAIBLHLIM 3aMELLAomet
MowHocTH. OTCueTHOe YCTPOFCTBO COCTOMT H3 aHaNOoro-IH(BpOBOTo 1peo6-
pasoBaTensi U HH(PPOBOrO HHAWKATOpa. BaTTMmeTp, BLINOJIHEHHLIH corJiac-
HO C1PYKTYPHOIi CXeMe, 06eCIIeqUBAET CPABHHTENBHO HeGO/IBIIOE BPEMST YC-
TaHOB/IEHHs! MNOKasaHuit,~150 Mc (noctosinmas BpemeHn ~30—35 Mc).
B TepmosnexTpyuecknx BaTTMeTpPax Ha ypoBHH MouiHocTH 0 10 MBT
SJIEKTPHUECKasi MOCTOSIHHAA BPEMEHH H3MEPHTEJbHOro 6/0Ka onpeens-
€TCs1 B OCHOBHOM PEaKIHeli yCHIHTEN 1 OCTOSTHHOTO TOKA U, YEM HUZKE yPO-
BEHb H3MepsieMO¥ MOLUHOCTH, TeM OHa GOJbIle, TaK KaK VISl YMEHBIICHHsI
HorpewHocTs W3-3a wyma nojocy YIIT cyxalor Ha HHXKHHX npereiax
usMepenusi. I1pu 3TOM 3/1eKTPHYECKAs MOCTOSIHHAS BPEMEHH H3MEPHTJb-
HOTo 6/10Ka JOCTHTaeT HeCKOMbKHX cexyHj. Ha Bepxuem mpenene usmepe-
HUH npu masiom Kosdduumente ycunennst YTIT oHa yMeHbluaeTcs 10 elm-
HHIl MHJITHCEKYHA. B cBAsM ¢ 3THM NPHUXOAMTCA OTPaHMYHBATH HHMKHHIL
TIPEJieN1 H3MePAEMbIX MOLIHOCTeH TEPMO3JIEKTPHYECKHX BATTMETPOB B CA1Y-
9a€ HX MCrOJB30BAHHA B aBTOMATH3HPOBAHHBIX CHcTeMax. CreflyeT OT-
METUTDL, YTO /151 NOBHILIEHHS GbICTPOAEHCTBHS TEPMOINEKTPHUECKHI BATT-

METD MOKHO BHINOJIHHTb 0 CXeMe 3aMeIEHHS.
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lnasa 3

METOAbI U NMPUBOPHI AN U3MEPEHMS MPOXOASLLEA
MOLLHOCTU

' .

I'lon npoxopsimedi MOHUMAKOT MOLIHOCTh, PACCEHBAEMyl0 B Harpyske
JIMHHH Tepefaud.

HssectHo, uto mpu upeanbHo coryacoBaHHol Harpyske (I'y = 0)
B JIHHHMH T€peJayd OTCYTCTBYET OTPakeHHAsi BOJHA U MOILIHOCTb, NMPOXO-
JSluasi B Harpysky, pasHa nanawoumeit: Pppoy = Puag.

B peanpubix cayuasix I'y =0 M npoxoasiasi MOLIHOCTH BCeraa
MEHbIle Majamied U paBHa

Pnpox = Pnan - Pm"pZPuan (1 - lrﬂlz-)~ (3-1)

IlpuemHbie npeoGpa3oBaTesii BATTMETPOB NPOXOASIIEH MOLIHOCTH
BKJIIOYAIOT B JIHHHIO NEPEAayd MEXIy I'eHepaTopoM H Harpyskoi, H, Kak
NPaBH/IO, OHH NOTPE6/IAIOT HE3HAUYUTENLHYIO YacTh MOILHOCTH, Pacnpoct-
PaHAIOIIENCH BJObL JHHUH MEPEAauH; UX YyBCTBHTEJBLHBIE 3/€MEHTH pea-
THPYIOT HA HANPSKEHHOCTh 3/1€KTPOMAarHHTHOTO MOJS HJH IVIOTHOCTD IO-
TOKa MOILHOCTH B TPAaKTe.

UyBCTBHTE/ILHBIE 3JEMEHTH APHEMHBIX npeoGpasoBaTesefl HAOMKHEBE
6bTh c1a6o cBsizanbl ¢ nosieM CBY, urofbl OHH He HCKaXKajiH 3aMeTHO
noJie U He CHHXaNH BLIXOJHOH MOMIHOCTH ycTpokcTBa. MeanbHbili H3Me-
puTeab MPOXOASAIel MOIHOCTH AojixeH umeTb 'y, = Ty = 0. ¢

B saBuchMocTH OT THHa nNpHMeHsieMbix npeoGpasoBaTtesnedl M BHIA
CBSI3H, CYLIECTBYIoLIe#i MEXIy BBIXOIHBIM NapaMeTPOM IPHEMHOrO mpeoG-
pa3oBaten H NPOXOAsiuieil MOIUIHOCTBIO, PA3JHYIOT CAEAYIOLHE MEeTOAR!
H3MEDPEHHUH: NOrVIOAIOLEH CTeHKH; 30HJOBBIH; MOHAEPOMOTOPHBIH H Me-
TOJ, OCHOBaHHbIH Ha MCNO/b30BaHHH 3dxbexta Xosa.

ITpoxonsimyo MOIHOCTL MOMKHO H3MEpSTh TAKKE C INOMOIIBI BATT-
METPOB MOIVIOIIAEMOil MOLIHOCTH B COYETAaHHH C HanpaBJIEHHBIMH OTBET-
BHTE/IAIMH. ’

B psijie ciyyaeB npyu MasbIX WIIH H3BECTHBIX 3HAUCHHAX KO3(pdHLHeHTa
OTpakeHHsl Harpy3ku I'y u3MepeHHe NpOXOAsieii MOLIHOCTH MOXHO 3a-
MEHHTb H3MEDEHHEM Majaloileli MOIHOCTH C BBEIEHHEM INOMNPaBOK K pe-
3yJbTaTy M3MepeHHs Wiu Ge3 HHUX. PaccmoTpuM Gosiee noApo6HO Kakabil
H3 METOJIOB.

3.1. METOA MNOTJIOLAIOLLEN CTEHKH

Merop OCHOB2H Ha WM3MEpPEHHH MOLIHOCTH, DPacCeHBaeMoii B TepMo-
4YyBCTBHTE/LHOM PE3HCTHBHOM 3JIEMEHTE, KOTOPHIH NpEACTaBJsier coGoH
YYacTOK JIMHHH nepefiadyl ¢ NOTepsAMH, C NOCJIeYIOIHM OnpeJiesieHHeM Npo-
Xofsie# MOLRHOCTH 1o ¢opMyJie

Pypox = KProrp, (3.2
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rie K — xosdduument, o6paTHO nPONOPLHMOHANBHEI KoadkpHLMenty
cBa3H; Pyorp — Mommocts CBY, paccesiHHasi B TepMOUYYBCTBHTEIBHOM pe-
3HCTHBHOM 3/IEMEHTE.

ConpoTHBJIEHHE TepPMOUYBCTBHTEIbHOTO 3ementa Ha CBU ofbluHo
3HAYHTEJbHO MEHbIIe aKTUBHOH COCTaBJAIOIIEH CONPOTHBJECHHS HATPY3KH .

B npocrefimeli KOHCTPYKLMH BaTTMETpa MPOXOAAIEH MOIIHOCTH,
OCHOBaHHOTO Ha JaHHOM MeToJie, 4acTb GOKOBOH CTeHKH BOJIHOBOZ2 3aMe-
HeHa TePMOUYBCTBHTEJBHEIM 3JIEMEHTOM (HTPAKOMETPOM) B BH[E MOIVIO-
W@oIel MVIeHKH U3 IIaTHHE (pHc. 3.1).

INpu norsowennn CBY MOIIHOCTH N/I€HKa HarpeBaeTcsi U H3MeHseT
cBoe conporubjeHne. [Togo6Ho 60J0METpy, SHTPAKOMETP BKJIOY2IOT B CXe-
My MOC1a H TaKHM 06pa3oM 0GecrieuHBaloT HHAMKAIHIO NONIOL@eMOl B 3HT-

P
oy | Konmaxm

Konmarxm

Puc. 3.1. dutpakomerp.

pakomerpe MomHocTH. IIpeanonaralor, 4yTo HarpeB IWIEHKH MOI[HOCTBIO
CBUY. 1 3amemamolieli  MOLIHOCTBIO OJHMHAKOB H Tepenaj TeMnepaTypei Mo
TOJILLMHE TUIEHKH TNPAKTHYECKH OTCYTCTBYeT. [1Jifl TeMIepaTypHOiH KOMIIEH-
CauMy AHAJOTHYHYIO IVIEHKY NOMEILIAIOT Ha BHELIHeil CTOpPOHe BOAHOBOJA.
Bo usbexanue npsAMOTO H3MYYEHHS TOJIIMHY [JIEHKH SHTPaKOMETpa clle-
JiyeT HeJiaThb 3HAUMTEJBLHO GOJbI€e TOMUIMHBL CKHH-CJIOSI HIH NPHUMEHSITh
CNeLHAaibHYIO S3KPAHHPOBKY.

BarTMeTphl € OOBIYHBEIMH 3HTPAKOMETPAMH NO3BOJISIOT H3MEPATh Ma-
Jiple W CpeJHHe YPOBHH MOLIHOCTH. J{isi u3MepeHusl GO/IBIIMX ypOBHEH
[PUMEHSIIOT SHTPAKOMETPEI, ¥ KOTOPEIX HAPYXHasl NOBEPXHOCTD OXJaXK/a-
€1Csl IPOTOYHOIl KHKOCTBIO, YTO TNO3BOJISieT NMOBBLICHTL YPOBEHb H3Mepsie-
MO MOILHOCTH J0 NpefebHOTO 1Sl AAaHHOTO BOJHOBoAa. MommocTk, pac-
CesIHHYIO B SHTPAKOMETpe, ONPEEAIOT [0 Nepenajy TeMneparyp H pacxony
KHUIKOCTH. ¥ TaKHX BaTTMETPOB MOXeT ObITh IpHMEHeHa KaJHOpoBKa
Ha NOCTOSIHHOM TOKE HJIM NEePEeMEHHOM TOKE HH3KOH uacToThl. BarTmerpsi,
OCHOBaHHHIE Ha MeToje TorJouarouleli creHKH, ob6aajaloT 3HauHTeJbHOH
HHEPIIHOHHOCTBIO.

3.1.1. florp

Th paccor

Oco6eHHOCTBIO BATTMETPOB € MOIVIOMAIOLIEH CTEHKOH FABJSETCS 3aBH-
CHMOCTh NMOKa3aHHiH OT COOTHOILEHHS aMIVIMTYA Najanlleli i OTpaXKeHHOil
BOJIH ¥ MX (pa3. [TorpemnocTh, 06yCIOBJIEHHYIO PACCOT/IaCOBaHUEM, B 006-
LIEM BHAE MOXKHO 3aNHCATh KaK (CM. MpHJoxkeHue 1)

14| Ty [P 2 g | cos [2v0— ¥ (1 Hx2)— ) ”;,’("T"‘_’;;l)
1—|Tg|? ’

(3.3
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rie | Ty | — Monysnb xospduimeHTa OTpaxeHHs Harpysku; y = 2m/A,;
! — JuHa JIMHHE TPHEMHOTO npeoBpasoBatenst BaTTMETpPa OT Hayasia
NOIJIOLIAOLIET0 3J€MEHTa JI0 HArpy3KH; -

Xy — X; — JUVIMHA NOTVIOIAIOLIETO 3JIEMEHTA; ¢ — (a3a KoaHiMeHTa
HarpysxH. -

Ilpy pnuHe NOrJIOWAIOIIErO 3/ME€MEHTa, PABHOH LEJAOMY WHCITY JTHH
TOJTYBOJIH, HOTPELIHOCTb, OGYC/IOBJIEHHAas! PACCOIVIACOBAHUEM, He 3ABHCHT
OT MeCTa PacnoJiOKEHHs IOTJIOWIAIOWErO 3JIEMEHTa (3HTpakoMeTpa) OfT-
HOCHTeJIbHO HArPY3KH H OT (a3bl KO3(xpHLHEHTa OTPAXKEHHS H COCTaBJ ST

Gpncc =2 I Fn I 2/(1 - I Fn ' =I)- (3-4)

Ipu | Ty |= 0,2 Opace = 10,0835 unu 8,35%. :

Tak kak norpemHoCTb PacCOrVIaCOBaHHS HOCHT CHCTEMATHUECKUH
XapaKTep H HMEET TOJbKO NOJOMHTENbHbI 3HAK, TO €6 MOXKHO HCKJIIO-
9HTh, BBE/IS K NIOKa3aHHAM IPHGOPa NONPABOYHKI MHOKHTEIb

My =11 —8paee) = (1 — | Ty (1 + [Tu]?).  (35)

Onnako ¥ nocje KOPPeKIMH Pe3y/bTaTa H3MEPEHUS OCTAHETCH HEHCKJIO-
YEHHBIH OCTAaTOK MOTpPellHoCTH 6771y,, BHIBBAHHBIH HETOYHOCTBIO H3MEPEHHS
KosdxbunyenTa orpaKenust Harpysku Ol ,:

4|yl

&my =4 —1 81
= e

8Ty~ 4| T, 2 6T

Ecnu npu6op kanuGpyioT Ha cpenHeH AJMHE BOMHEI, a H3MEDEHHS
TPOH3BOAST B N0JIOCE YACTOT +Ayfecyp, TO MAKCHMATBHOE 3HAYEHHE NOTpenI-

HOCTH, oﬁycnomenuoe paccoryiaCoBaHHeM, MOKET COCTaBHTH .
sin x (1—A sina (14-Ay)
2T 2 T | SR U=B0) g p ey g) gy SiD U4
6 — Ll (l—Au) . ﬂ(l+An) (3.6)
maceame 1—|Tg? 1—Irqp

( rie A= Fuake—Fymn — AMBKC_AMHH)
n 2fcp AMa}cc—‘AMlm

TIPH HCIIONB30OBaHMH B BaTTMETPE KOAKCHAJBLHOro TpaKTa W

sindng/(i4a) , sin 21/(1 +9)
2T £ 2| Ty| —— 2|2 £ 2| Ty | ———=
o PR S agg TR T 1
bacc Makc l—l I‘H I’ M 1 —I I‘H I’

) 3.7)

p Ap makc . s 1 1 )
rae g—-_BMake . =1 + ,
( q Ag vun AMep 2 \ Asmane  Ap mun
Iy _ Amakc A _ Ayug )
Sl V4 pen (Anarxc/Aup)? Bk V7 (Ayun/Mp)?
NPpH HCNOJb30BaHHH BOJIHOBOJHOIO Tpaxra.
&8

Hs eoipaxenntit (3.6) u (3.7) crenyer, uto npu pabore BaTTMeTpa B No-
JIoce 4acToT fop o Agfep GOMBIIAS MOrPEIHOCTb COOTBETCTBYET JVIMHHO-
BOJIHOBOMY YYacTKy AHanasoHa.

Tlpy BBeJeHMH NONPABKH HA CPefHell IJIMHE *BOJHbI BHIPAKEHUS
(3.6) u (3.7) ceenyres x caeAyIOUHM:

sin (1 —Ap) sinn(14-Ap)
5 M ST 1 Ay
Daccmanc_:t I—II'HI” l—“l[‘l{lz ’
sin 2ng/(14-q) - sin 2n/(14-q)
2Ty ——— 2|10yl ——————
5 | g ™ g
pacs waxe I—[TaP IZ[Taf

Herpyano nokasaTe, uTo npn onuHaKoBoil nosoce paGouHX YACTOT BOJI-
HOBOJWHEI BapuaHT npu6opa Gyfer obiajaTb GOJbIIEH NOTPELIHOCTBIO.
OnHoli M3 COCT2BJISIOIMX TOTPEITHOCTH METOAa SBJISETCS rnorpeti-
HOCTB, OOGYCJIOBJIEHHAsl W3MEHEHHEM CONPOTHBJIEHHS TOTEPh MOMIOLIAIO-
IIEro OTpe3Ka JIHHUHM Nepejiaud B AManas’oHe yacToT. UTo6el MCKIIOUHTHL
STY MOTPEIHOCTb, HeOOXOAUMO KaquGpoBaThb NPHGOP HAa HECKOJBKHX
YacToTaX M NPH M3MEPEHHAX NOJb30BATHCH NONPABOYHBIM FPaGHKOM.

3.1.2. BO3MOMHOCTH M [JIOCTOMHCTBA METOAA
p

. Meron NpUHLKNHAMLHO MOXeET GbITh MCIIOJIB30BAH OT CAMBIX HH3KHX
yactot g0 37 I'Tu u Gonee. OnHAKO OTAEJbHBIE THIBI BaTTMETPOB Ipen-
Ha3HAuYeHb! TOTBKO JUISl Y3KOTO JIHana3oHa AJHH BOJIH, BO H30eXKaHue 601b-
WHX NOTPeIIHOCTeH H3MEPEHHs, OGYCJOBJEHHBIX PacCOIVIACOBAHHEM Ha-
Tpy3xH. Metop nossonisier uamepsite CBU MomgnocTs Masioro, cpejnero u
GonbIIoro ypoBHex.

TlorpennocTs  M3MepeHHs MOIIHOCTH ONpeieIsieTcsl  CAeKYIOLHMHA
OCHOBHBIMH COCTaBJISTIOLLMIMH :

— MOTPelHOCThIO KAIHGPOBKH Ha NIOCTOSIHHOM TOKE WJIH TepeMeHHOM
TOKE HH3KOH YacTOTh O;;

—— TIOTPELUHOCTEIO 32 CYET HE3KBUBAJICHTHOCTH 3aMELUCHUS HA CPEfi-
Hell yacrore §,;

— TOTPEIIHOCTBIO, OGYC/IOBJIGHHO!H -H3MeHeHAeM OTHOCHTENLHOrO
CONpOTHB/IEHHsT NOTEPb TePMOYYBCTBHIENBHOTO 3/IEMEHTa B TIOJIOCE GACTOT

3

— TOTPEUIHOCTLIO, BEI3BBAHHOMN PACCOIIacoBaHHEM, Opgqc.

YuuThiBasi 3aKOHBI PACHPENIENICHHS COCTABJISIIOLINX, norpeuHocTb
USMepeHHsT MOXKHO paccuutaTh no dopmyne (2.15). Ecmu 8, = +4%,
8, = +10%, 6; = +5%, 8pace = +4% B mogoce yactror +10% npu

=02, T0¥C yueToM nompaBKM Ha CpeiHe#i uacTOTe Oyanc
=+3V0,11(#F10°)+0,33-52 10,16 - 42= 4 14,7% u Ges
yuera nonpaBkH Syg,, = 25 ... — 18%. .

K ZHocrouncTBaM MeTona criefyer OTHECTH ero NIPOCTOTY M BHICOKYIO
HanexuocTb. HezoctaTkamu siBasiioTest 60MbIas NOrpewHoCTb H3MEpEHH st
Tipu paGote B noJoce yactoT U Gosbioe BpeMsl YCT2HOBJIEHHS! NMOKA3aHHi.
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3.2, 30HAOBHH METOA

30H/0BEI METOJ| TIOJIYYHJI INHPOKOE PaCMpPOCTPAHEHHE NPH PA3MUYHBIX -
puzax uamepenuit Ha CBU, B TOM unc/ie il H3MEPEHHS NPOXOAsuei
mouHocTH. 10/l 30H/IOM NOHHUMAIOT YCTPOHCTBO, cojepaxaliee npeobpaso-
BaTelb W SJEMEHT CBfI3H, HMEIOLIHH NpeHeGPEXXKHMO Maljibie Da3Mephl
B HanpaBJeHWH pacnpoctpanenus mounocTH CBU. 3onn xapaktepusy-
ercsl Kos(hHIHEHTOM NpeoGpPa3oBaHUA H AMILIHTYJHOH XapaKkTepHCTHKOH
(ofbiuHo KBajpaTHuHOll). BinsHMe 30HZa Ha noje B JHHHH nepejaud,
BHOCHMBIE TIOTEDH M OTPaKeHHS, KaK NPABUJIO,. IPEHEGPEKUMO MaJIbl.

B 3aBHCHMOCTH OT TOTO, HA YTO PEAFHPYeT 30HN, CBA3AHHBIH C JIHHHEH
nepesiayl, pasHualoT 30HJE HanpspkeHus M Toka. C NOMOLIbIO 30HIOB
H3MEpSIIOT BEJMUYMHY, NPONOPIHOHANbHYI0 HANpsKEHHIO (TOKY) WIH Ha-
NPSKEHHOCTH B JIMHHH NEpejaul, a MPOXOASILYIO MOILHOCTE ONPEIEJIAIoT
[0 H3BECTHHIM COOTHOLIEHHSIM, CYIIECTBYIOIIMM MEXJAY HampsiKeHHeM
(TOKOM) MM HANPSMEHHOCTbIO B JHHHH N€Pefayd H MOLIHOCTHIO, MPOXO-
Isieli B HATPY3KY C YueTOM Kos(HuueHTa cBAsu 30Hia ¢ nojem CBU.

IMpociefiuM npuGopoM, B KOTOPOM HCNOAB3YeTCst 30HIOBBIH METOA,
SIBJII€TCH M3MepHuTe/bHast JHHHA. CylUIHOCTh U3MEPEHHS! MOLIHOCTH C MO-
MOIbIO H3MEPHUTENbHON JIHHHH 3aK/II0U2ETCSl B CIEAYIOLIEM.

TlepenBurasi POKaJIHGPOBAHHEIA 30HJ BIOJb H3MEPHTEJBHOH JIHHHH,
BKJIIOUEHHOfI MEXKLY FEHepaTopoM H HarpysKoM, H3MepslioT MakKCHMalb-
HOe M MHHHMaJjbHOe JeHCTBYIOIIME 3HAYEHHS HANpsDKeHHsi (HanpsiKeH-
HOCTH TOJs) B JHHHH. 3aTeM, MOJb3YACh H3BECTHLIMH COOTHOLICHHSIMH
sl AVIHHHBIX JIMHHH, ONpPEesiioT MOLIHOCTh, IPOXOASAIIYIO B HArPY3KY.

Tax, HanpuMep, NPH KOZKCHAAbHOM TPaKTe

Pppox = UnaxcUnnu/Zons . (8

rie Uyaxe = Unan 1+ |Ty |)1 Unnn =
HOBO€ CONPOTHUBJIEHHE JTHHHH nepeaauM.
OﬂHaKO H3MEpUTEeJNbHbIE JHHHH Ans H3MEpEHHs MOIIHOCTH [OYTH
He NPHMEHSIOT M3-32 HEYNOGCTB B sKcIyaTauuu. Ha npaxTuke nomyunin
pacnpocTpaHeHue 30HIOBHIE YCTPOHCTBA, MpefcTaBstiouiue coGol oTpes-
KH TPAKTOB C BMOHTHDOBaHHBIMH B HHX Ha OnpenesJeHHOM pacCTOAHHH apyr
OT Apyra 30HaMH. 30H/bI, KaK H B IIPEMIbULYLIEM CJTyyae, KannGpyIoT 1o u3-
BECTHOH MOLIHOCTH B COrJ1aCOBaHHOM Harpyske. HOCKO-T”:)Ky 30HABI pearu-
pyrort Ha pacrnpejesieHne noJisi BAOJIb BOJIHOBOAZ, TO NPH peajibHBIX Ha-
Fpy3kKax BO3HHKAET MOTPEIIHOCTL B H3MEpPEHHH rlp()XO}IH[LLeﬁ MOIIIHOCTH,
OﬁyCJXOBJIeHHaH MosiBJIEHHEM cTosueil BOJIHBI B JINHHH nepejavH.

nan (I — | Tel); Zoa — BON-

3.2.1. MorpelHoCTh PaccOrnacoBaHMA

[TorpenHocTh 3aBUCHT OT YHC/IAa 30H/IOB, MECT2 HX PACMOJIOXEeHHSs OT-
HOCHTEJILHO HArPY3KH, 3JEKTPHUYECKOTO DPACCTOSHUS MEXJy HHMH, MOMy-
Jist ¥ ¢asbl Ko3dHUKHEHTa OTpaKeHHst HArpy3KH. Eciin 5TH napamerphl us-
BECTHLI, MOXKHO BBECTH IONPABKY B MOKa3aHHE yCTPOHCTBA ISl KaXKOH
u3 u3mepsembix 4actor. OJHAKO Ha MPAKTHKE OrPaHHYHBAIOTCS Onpere-
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JIeHHEM MaKC”HMaJIbHOFO 3HaueHHs MOrpeLHocTy paccoryiiacoBaHus. IIJIH
OJHO30HJIOBOH CHCTEMbl OHa COCTABHT

Bpacc Makct — 2' I‘H '/(1 _IFH I)- 6pacc Maxc— —2 I FH I/(l +| Fn |): (3-9)
uTO TpH peajqbHOM 3HaueHuH KCB Harpysku, paBeoM 1,5 <(I‘H =0,2)

1aeT 8pace mane = +50 ... —33%. 3HAUNTEIBLHO MeHbIasi NOTrPENIHOCTh
NOJYy4aeTcsl NpH HCIOMb30BAHHH ABYX3OH/IOBOTO YCTPOfICTBA, KOTAA 30H-
Abl PAacroNoKeHbl IPYT OT APYra Ha PaccTosHMH A,/4 (puc. 3.2). B srom
Cyyae MNOTPEIIHOCTh Ha CpejHell AJHHe
BOJIHB HE 3aBHCHT OT MECT2 pPacrosoxe-
HHSl 30HJOB OTHOCHTENBHO HArPY3KH H
HMEET TOJIBKO TOJIOXKHUTEJAbHBIH 3HAK:

Bpace=2[Tu F/(1—TP).  (3.10)

Opnako B mosoce uactor + Ay no-
IPEIIHOCTL GYAET ONpenesnsiThcs HE TOJb-
KO MoJy/sieM Ko3pdHUHeHTa oTpameHHs
| Ty, HO 1 ero ¢dasoil ¢, a Takxke oTHO-
CHTEJIbHBIM OTKJIOHEHHeM paboueil yacToThl
oT cEenHeﬁ. Tak, ans nByx30H,u.6130ro
YCTPOHCTBA MAaKCHMAJILHOE 3HAUEHHE [10-
TPELIHOCTH B NOJIOCE YACTOT =Ap COCTaBHT
(cM. npuioKenne 2):

v

al%

Zggp/# N

Puc..3.2. CxeMa pacrionoxeHds
JBYX 30HIOB B BOJHOBOE.

s 2|TyP 2| Pu)cosn(l +Ap)/2

pace Marc =
1—|Tg[?

@3.11)

MMPH KOAKCHa/IbLHOM TPAKTe H

) 2| Ty |*+ 2| I | cos nig/(14-q)

pace Maxc —
I—|Ty|?

21Ty P£2| Ty cos /(14-q)
I — [Pyl

(3.12)
NIPH BOJIHOBOAHOM TpAKTe.

Ecin K nokasaHHsM CHCTeMbl BBECTH MONPABKY 1, COTIAcHO 3.5),
KOMIIEHCHPYIOIYIO TMOTPEINHOCTL PacCOT/IacOBaHHs Ha CpefiHelf JJIHHE
BOJIHbL, TO BBIPaX€HHE VISl M2KCHMAJbHOTO 3HAYeHHsl TNOrPELIHOCTH
PaccoryiacoBaHusl B NOJOCE YacTOT NPHMeT BHA

2| Ty lcosm(14-Ag)/2

Gpacc Mage — + 1_| T I” (313)
H
AJIsSI KOAKCHAJBHOH CHCTEMEI, .
Py — 2|Ty|cosng/(1+g) 2|Fy|cosn/(14-q)
o wase = = [ 2L 222 ol I CRD)

Zsl BOJIHOBOJHOH CHCTEMBI.

B npanemefiiiem pns ynpouennsi G6ylieM NPHBOAMTE BRIPAMKEHHS MO-
TPEIIHOCTH TOJIBKO /U1l KORKCHAJILHOTO BAPHAHTA CHCTEMbI.

3HaUHTE/ILHO YMEHBIUMTL NOTPELIHOCTb, OBYC/IOB/IEHNYIO PaCCOra-
COB2aHHEM, MOXKHO, KaJHOpys ABYX30HHOBYIO CHCTEMY NPH HECOT/1aCOBaH-

®9]




HoOl Harpyske, Ko3bHIHEHT OTpaKeHHS KOTODOH JIEKHT B Ipepesax
Ty |maxe = l I'g| > | g lunas FEE | Ty maxes | To s — Makcumane-
Hell M MHHHMAJBHBEIH KO3(OMHLHEHTH OTPAKEHHs] HArpPy3KH.

MOXHO MOKasaTb, YTO ONTHMAJbHEIM YCJIOBHEM KaJHOPOBKH IPH He-
COIJIaCOBaHHOH HAarpyskKe sIBJIsieTCst

IT#1 =1 ( Tx Zaxe + ] T [Bues)/2- (3.15)

B sTOM CiIyuae norpeliHOCTb H3MEPEHHs Ha cpejHeft yactore Gynet

2| Ty P—2| Ty 2
(U—ITaP)(1+1T4P)

'Spacc =

a MaKCHMaJbHOEe 3HaYeHHE B NOJIOCE YACTOT Ay COCTABUT
2| Py [*—2| Iy [*£2| Ty Ifcos (/2) (1+Ag)) (1—| T; [?)
(I—|Tx ) (1-HT, P) .

INpu aHanuse ABYX30HOBOTO YC1pOHCTBa (CM. MpHJOMKeHHe 2) npen-
0/1arajoch, 4yTo CBsi3b 30HJOB C JIMHHEH Nepelaud OMHAKOBA M XapakTe-
pHCTUKH npeoGpa3oBaTtesiefl HAeHTHUHEl. OJHAKO HA NPAaKTHKE 3TH YCJIO-
BHUS OCYLIECTBHTD CJIOXHO, 0COGEHHO B [Mana3oHe 4acToT.

UTo6bl HCKJIKOUHTL 3aBUCHMOCTb NOKa32HHH OT HEHMIEHTHIHOCTH 30H-
JIOB, IPHMEHSIIOT CXEMYy YMHOMEHHS! BHIXOJHBLIX CHIHAJIOB 30HHOB NPH JiH-
HENHOM JeTeKTHpOBAaHUU. ITOrpeniHoCT H3MEpPEHHsl B 3TOM Cllyuae paBHA

[14+|Tx[*+2] Tg| cos (2yx—@)] X
a1zbu‘/ X[F~IFHI’+2IPH|C°5‘-”‘! _1 (3 17)
Q29 by2o (1—| Ty I?) "

THE @45, by» — KO(XPHLHMEHTHI, ONMpENENSIOIIHE CBA3b 30HAOB H Xapakre-
PHCTHKH JETEKTOPOB Ha [aHHOH 4YacTOTe; @ysg, brao — KOIPPHULMEHTD,
OnNpeAesoUHe CBfA3b 30HAOB M XaDAKTePHCTUKH HETEKTOPOB Ha uyacroTe
KanuOPOBKH; X — PacCTOSIHHE MEXKAY 30H[aMM, BbIPa)KeHHOE B JUIHHAX
BOJIH; ¢ — ()a30BLIi yros KosdduLHeHTa OTPaXkeHHs] HArPy3KH, Nepecyu-
TaHHBIA B IJIOCKOCTL CeueHHsl GHKHEro K Harpyske 30HAa.

TlycTh M3MepeHHsl BHINOJHSIOT Ha JUIMHAX BOJH, NPH- KOTOPBIX OT-
KanuGpoBaH npu6op. TOTHA @z = Gyse, Brz = buge M BEpaxeHue (3.17)
ynpouiaercs. MakcuMaJbHOE 3HAYeHHe TNOTPEIHOCTH, OGYCJIOB/ICHHO®
paccorsiacoBaHueM, Nosyyaercsi, Koraa ¢ = yx -+ nx:, T. e.

8 =(2|Tg [ 3= 2| Ty | cos px)/(1 —| T )

pace Makc

. (3.16)

6pm:c: Make

8

pace =

H B NOJIQCE 9aCTOT Ay COCTaBHT
5 =[2] Tyt o 2| Ty cos (1/2) (1 £ AN(1—|TuP).  (3.18)

'pacc Makc
Iosyuennoe BepaxkeHue aHajsornuno (3.11).

AHaJIN3 YeTHIPEX30HIOBOTO YCTPOHCTBA MOKA3bIBAET, YTO Ha CpEJHE#
YaCcTOTE NOTPENIHOCTD PACCOIVIaCOBAHUS GyNeT TAKOH Xke, Kak M Ausl ABYX-
30H/IOBOTO YCTPONCTBA, €C/IH PACCTOSHHE MeXIy 30HAAMH Kax[IOii napsi

£2N

paBro Acp/4. B nosioce wactor mpH HyJeBOM cMementn MEXAy napamu
(puc. 3.3) oHa ONpeJeNIHTCS BLIpAXKEHHEM

Bpaco maxe =[2] T ' 2| T | cos? (1/2) (1+ A)l/(1—| T, ). (3.19)

Takum 06pasoM, NpH YeTHIPEX3OHIOBOM YCTPOHCTBE MOMHO 3MauH-
TEJIBHO YMEHBIIHTh COCTABJSIOL[YIO NOTPEIIHOCTH PACCONIACOBAHUS, BO3-
HHK2IOMYIO NIPH H3MEPEHHSX B MOJIOCE YaCTOoT.

B [3, 4] nokasawno, yto oguum

H3 CrIOCOGOB YMEHBILEHHST [IorpeLl- L) -]
HOCTH PacCOr/IacoBaHHsI NPH pa- {73
Gore B moJOCE 4HAETOT SBJisleTCH z
s
3 v 3
0 — I o—4
e tt ; S
N -‘-—Lz—> ) )
g At
S 3
L] B =
L
Aop/4 Aécy/# Iy

Puc. 3.3. Cxema pacrionoxenns, gernpex

Puc. 34. Hesxsmuucran
. 34 TH -
30HJOB B DOJIHOBOJE. ¢ pacnono

2KeHHe 30HI0B:
X — mepBuifi 30HA; O — nepeas  pemerka;
O — Bropas pewertka; 4L — TpeTs pemietka.
HCIO/Nb30BaHHE CHCTeME Nogy 30HIOB B BHIE HEIKBHAHCTRHTHO pacno-
JIOXKEHHBIX PENIeTOK*) ¢ PACCTOAHHSAMH MEeXIY HHMH, 33]aBaeMbIMK KOp-
HAMH nosnnoMa YeGemesa (puc. 3.4):
_ As cp
L=——tre (3.20)
4 (l +-xp )
g+1

rne L, — paccrosinue mexay NePBLIM 30HOM U k- pemeTkoir; X, — k-it

Ko};:eHb nojuHoMa YeOhieBa 7n-ii cTeneHu; 7 — yucIo PeuieTok; ¢ =
Ko H

B MBHC/;"B MVUH-
Uncno 30H0B B k-l pemerxe N, = 251, O6uee uncio sompoB
1:[0 BCex pelge'rxaf Nosmy = 27. Pacnoniarator 3ouim B pelleTKax HCXOas
3 ycstoBuii V<< m< M =0, I, = L, + 1, oy, rne m — no-
PARKOBLIT HOMep 30Hpa. ’
norpl:lu?&rgbnggigsgécz:o TIPH CIOXEHHH CHTHAJIOB Ha BBLIXOJAX 30HMOB
aHHs TAKOTO ycTpolictBa Gyrer papHa

6pacc =2 (l Ty I2 + | Ty IS)/(l - I Ty Iz)v (3.21)

*) HeskBumucram
THbl€ PpEeIeTKH N0 aHaJOTHH i
MMEIOT paBHOMepHOe AMNAHTYZHOE H  $as0R06 PacHererTEANH
TY, HepaBHOMepHOe (asoBoe pacnpejie/neHHe.
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|

n
rae S =cos (@ +vLosm) [ cos (vLx);
k=1

Loﬁm:L1+Lz+ wetLyg;

n - -
[ cos (vLx) = cos (vLy) cos (yLy,) ... cos (YLy)-
k=1
MakcyuMajTbHOe 3HAUEHHE MOTPELIHOCTH PacCOIIacOB4HHS COCTAaBJISeT

n
2| T2 42| Tyl IT cos (yLy)
k=1

8 = 3.22
pacc Maxc l—l I‘H |2 ( )

B ta6a. 3.1 npuBeJeHH pacueTHbE 3HAYEHHsT MAKCHMAJILHOH MOrperu-
HOCTH PaCcCOJIACOBAHHS 15l TPEX 30HIOBEIX YCTPOHCTB BOJTHOBOJHOIO TH-
na (BosiHoBOA 23 X 10). B nepBoM ycTpoMHCTBE 30H/BI PACTIOJIOKEHBI B CO-
OTBETCTBUHM C PUC. 3.3, BO BTOPDOM H TPETheM — B BH/JE HEIKBHAHMCTAHT-
HBIX PEIeTOK NpH n = 2, n = 3.

Tabanna 3.1

opacc MAaHKC .
r At qeThipex- [AJ1A HESKBHMH-UIJIS HEIKBHJH-
forrm s Jonnonore | yerpotorsa fc;f.i‘oﬁ'&'%
pnc. 5.9 | s 2 pewerok | s 3 pewerox
8,24 0,05 3 1.8 0.6
A =59,7 Mm 0,1 7 4, .
» ane 0.2 18,7 13.8 9.9
10,0 0,05 0,25 1.15 0,25
Asep=39,7 MM 0,1 2,0% Igzlss g,g%
0.2 8,3 . .
12,05 0,05 3 1 0.06
Ag s = 20,7 M 0.1 7 3 .
i 0,2 18,7 10 9.6

3HaueHune A}, ONpefensieTcs U3 BHIPAXKEHHs

1 1 1 1
L =),
: A; cp 2 ( An MakKc ln MHH

Pacuer nokasbiBaer, 4TO HE3KBHIHCTAHTHEIE CHCTEMBI C TPeMsl peller-
KaMH U Gosiee 06eCrneuyrBaoT HE3HAuHTe/bHOE YBEJHYEHHE NOrpelIHOCTH
Ha KpafHHX yacToTax pabouyero AWaNnas’oHa IO CPaBHEHHIO CO CpeJiHei
YyacToTOH.

Ha npakryike Takake HalTH PHMEHEHHE 30H]1bl, KOHCTPYKTHBHO Npe-
craBasiomye co6oii 06beMHEIE MOJTYNPOBOJAHUKOBLIE TePMONaphl B BHIE
cTepxHeiH, 06pa3oBaHHLIX ABYMS NPOAOJBLHO PACTOJIOXKEHHBIMH BETBSMH.
OnHa BeTBL MOJNYNPOBOAHMKOBOH Tepmonapel (puc. 3.5) obnajaer a/ext-
POHHOIi POBOMMOCTLIO U H3TOTOBJIEHA K3 CIUIaBa, Hanpumep Te—Bi—Se,
a BTOpasi — ALIPOYHO} U u3roToBiena u3 Te—Bi—Sb.
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TepMonapy 3ak/ioualoT B MeTaJUIHYECKHH KOpmyc, OT KOTOPOro ee
H30JHPYIOT TOHKHM CJIOEM JH3JeKTPHKa. UyBCTBHTEJBHOCTb TaKHX Tep-
monap nopsiaka 160 MxB/°C. TepMonapr! ycTaHaBIHWBAIOT B JIHHHH NEpe-
JIaud TakuM 00pasoM, uToObl OflHA2 TOPLEBAs IJIOCKOCTh CO CTOPOHBI COE-
JIMHEHHS] BeTBeH HaXOAWI1ach 3aNofJIHLIO C BHYTPEHHEH INOBepXHOCTBIO
BOJIHOBOJIa HJIH HECKOJBKO MOTpyajach B BojHoBoz (wa 0,1—0,2 mm),
a Apyrasi MMeJa XOpOLIHil Ten/0BOH KOHTAKT C BOJHOBOJOM.

B pesysbraTe NOrMOMEHHS] YacTH MOIIHOCTH, PaCIPOCTPaHseMOi
B BOJIHOBOJE, TOPLEBasl IJIOCKOCTb TePMOTI2pPbl HATPEBaeTCs, H Ha ee Bbi-
XO[HBIX KOHIaX NOSIBJsETCS TepMo-3. A. C., MPONOPLHOHAIbHAST KBajpa-
TY TOK& B TOUKE PacMoJIOKeHH TepMonapr. JIJis H3MEPeHHs TepMOo-3. A. C.
HCIOJIb3YIOT YCHJIHTEH NOCTOSIHHOTO
TOK2 € HHAMKAaTOpPaMH HJH MHJIH-
BOJIETMETPHI, IIKakhl KOTOPHIX Ka-
JHOPYIOT B €LHHHIAX H3MepseMOi
MOIHOCTH.

TocnenoBatenbhHoe  BKIAKOUEHHE
TepMonap, Kak NokasaHo Ha puc. 3.3,
NO3BOJISIeT YBEJNHYHTh KO3(PDHUHEHT
npeo6pasoBaHHsl NPHEMHOTO NPeoG-
pasoBaTeisi BATTMETPa MNPOXOASILEH
MOLIHOCTH H YMEHbIIHTDb NOrPELLHOCTh
paccoryiacoBanusl. Brpaxkasi kosgp-
(HMIMEHT NpeoGpa3oBaHusl PHEMHOTO
npeoGpasoBate/isi KaK OTHOLICHHE NpHPAILIEHHS HANPSIKEHHUS HAa BHIXOZIE
TepMonap K NPHPAIIEHHIO MOLIBOCTH, NPOXOASAUIEHl B COIMIaCOBAHHYIO
Harpysky, cjielyer OTMETHTb, YTO €ro BeJHYMHA He SIBJISIETCS] MOCTOSTHHOM
B paboueM juana3oHe. JTO BHI3BAHO TEM, YTO MOMIHOCTH, MOIJIOLIEHHAsI
©MHHUEH NJIOmMAaH TOPIA TePMONaphi, 3aBHCHT OT JJIMHE BOJMHEL, DasMe-
POB BOJIHOBOJa, MAarHUTHOH NPOHHIAEMOCTH H MOBEPXHOCTHOH NpPOBOIH-
MOCTH MaTepHaja TepMonaphl, a TaKxKe OT MECTa PAaCIoJiOXKeHHs| TepMona-
PeL B BOAHOBOZE. HamMeHbilasi 3aBHCHMOCTL OT JUIMHB BOJHBI GyAer npu
PacrnoNoXeHHH TepMONap B TOYKaX € KPYroBoH noJsipH3aumei, T. €. Ha
PacCTOSIHHUM &4 OT CTEHOK BOJIHOBOAA (CM. pHC. 3.3).

YyecTb uaCTOTHYIO 3aBHCHMOCTh MOKA3aHHH' PHGOpP2 MOMKHO € TO-
MOILBIO rPa)MKOB, NOCTPOEHHHX NPH KanuGPOBKe NpuGopa Ha HECKONbKHX
4acToTax paboyero uanasoHa. *

OnucaHHpIf THI NONYNPOBOJHHKOBOH TePMONaphi NPHMEHEH B MpH-
Gope M2-3. ITpuGop obecrieunBaer H3MepeHHe MouHocts ot 50 go 300 Br
B Auanasore yacror 11,5—17,15 I'Tu ¢ norpemrsoctsio +15%.

Haonayuornas
npoKnadre

%7

Te-Bi-Se

Puc. 3.5. KoHCTPYKUHS NOJYnpOBOAHH-
KOBOH TepMOnaphi.

3.2.2. B

Meron NPHHUMIHANLHO MOXET ObITh HCMOJIb30BaH BIVIOTb HO CAaHTH-
METPOBHIX JyIMH BOMH. ONHAKO OTHe/bHble THIBI BaTTMETPOB MOryT pato-
TaTh B y3KOM JN2MNa30He YacTOT H3-32 GOJBIIHX MOrPelIHOCTell H3MEPEHHS I,
OGYC/IOB/IEHHBIX PACCOrIacoBaHueM Harpysku. OrpaHnueHue AuanasoHa
CBEpXY BHI3BAHO TPYMHOCTIMH H3COTOBJEHHS MaJioraGapuTHEIX BEICOKO-
YACTOTHBEIX 30HJOB H NOJYueHH MX C1a6H/IBbHBIX XapaKTEPHUCTHK B AHAlNa-
30HE YacroT.

TH M fOCT A
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MeTon npuMeHHM A M3MEPEHHMs! MOLIHOCTH CPEJAHHX M GOJBIUMX
YPpOBHe#.
- IlorpeniHocTb U3MEPEHHS! ONpPEeNisercs CIeAYIOLMMH COCTABJISIIOLIH-
MH:
— TOTPELIHOCTHIO 06pa31oBoro npuéopa, HCNoibL3yeMOro NpU Kanub-
poBke, Op; ~
— TOrpeHIHOCTbIO H3MEPHTEJBHOM cxeMbl O,;
— TOTPEIIHOCThIO, O6YC/IOBJIEHHON H3MEHEHHeM CONPOTHBJIEHHST MO-
Tepb HJIM H3MEHEHHEM CBSI3H 30Hfa B IOJIOCE YacToT, Og;
— MOrPELIHOCTEIO, BLI3BRHHOM PaccoryiacoBaHHeM, Opgce.
EclH npuHATL MaKCHMAJbHBIE 3HAYEHHsS! YACTHRIX COCT2BJISIIOLIUX:

6, = +7%, 6, = +3%, 65 = 5% B nosoce uacror, Opgce = +4,2% .

B nosioce yactoT +-10% nuis nByx3oHz0BO# cucreMu npu Iy = 0,2 ¢ yue-
TOM NONpPABKH Ha CpejiHeil yacToTe, TO -

Byare =+ 3V O (P13 10,33-5°1 0,164, = + 12,5 %.

Bes yuera nonpaBku Syaye ~ +20%.

K nocroumncrsam MeTola OTHOCHTCS: NPOCTOT2 KOHCTPYKLHH TpHEM-
HOro npeo6pasoBaTesis; BO3MOXHOCTb PaGOTHl MPHEMHOro npeo6pasoBa-
TeJsl HENnoCPeACTBEHHO Ha CTPEJIOYHBIH HHAHKATOp; NPHMEHHMOCIb MJs
BCTPOEHHOTO KOHTPOJIS MPOXOASAIMIEH MOLHOCTH.

Henocratkamu MeTozia AsBASIOTCA: GOJIBILIAS NOTPEIIHOCTh H3MEPEHHUS
npu pabore B nosoce yacror (ceeuve +10%); saBucHMOCTL NOKa3aHHil
OT YacTOTHl H CTENEHH COIJIaCOBAHHA HATPY3KH; HEOOXOAHMOCTb KaJjiub-
POBKH yCTPO#CTB Ha peasibHbiX ypoBHsx CBU cureasna ¢ noMoubio o6pas-
LOBLIX NMPHGOPOB.

3.3. MOHAEPOMOTOPHbIF METO/ R

IMonepoMOTOpHBI METOJ ABASETCS aGCOMIOTHBIM METOIOM M3MepEHHS!
CBY MOIIHOCTH, NOCKOJBLKY pe3y/lbTaT MOKET ObIThb ONpENEJEH HA OCHO-
BaHHH NPSIMOrO H3MEPEHHsT Macchl, JUIHHBI U BpeMmeHH. Meroj OcHOBaH Ha
HCNOJb30BaHHH 3(deKTa MeXaHHYeCKoro (NOHIEPOMOTOPHOrO) BO3ZIEH-
CTBHS! CHJI 3/IEKTPOMArHATHOIO TIO/51 HA CTEHKH JINHHE Tepelayt HiIH Ha OT-
pamalolyie 3/7eMEHThl, HaXOASIIHecs ‘BHYTPH BOJHOBOJA.

XoTsl 1aBneHHe 3/E€KTPOMAarHHTHBIX BOJIH Ha OTPAaKAIOILYIO NOBEpX-
HocTh GbuTO mpesckasaHo MakceesuioM eue B 1873 r. u moareepxiaeHo
skcnepumentaibho I1. 1. Jle6eneptim B 1900 r., BnepBbie OnbITh 10 06HA-
PY2KEHHIO JABJIEHHS DajHOBOJIH ObLIH NpoBefieHbl B 30-X rofax Hailero
crosietusi. IIpakTHueckn 3xbeKT peasin30BaH B H3MEPHUTENBHEIX NPHOOPax
CBY pnanasona B 50-x rogax.

3.3.1. O6ume o

P P AeHCTBUM (: BONH

Bripaxenne sl IaBJIEHHS] 3/€KTROMATHHTHOIO H3JyueHHsl, BbIBE-
JieHHoe MakcBe/JIOM Ha OCHOBE 3HEPTeTHYECKHX COOGpaKeHHl, He oTpa-
KaJI0 MEXaHU3Ma 3TOTrO siBJeHHs. ITo3xe TOMCOH Mosy4H.s1 Te e pesy.ib-
TaThl, PACCMa1PHBAsi BOSHHKHOBEHHE MEXaHHUeCKOH CHJIbI NIPH B3aUMOZeH-
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CTBHHM MaCHHTHOH COCT2BJISIOLUEH MOJIs C TOKAMH, HHAYKTHPYEMEIMH B OT-
paxatomeii nopepxuoctu [5}

PaccMOTPHM ILIOCKYI0 OJHOPOAHYIO BOJHY, NaJ2IOUYI0 HOPMaJibHO
Ha HJEATBHO NPOBOASAIIYIO MOBEPXHOCTh, H ONMPEJEJHM [AB/IEHHE HA 3Ty
nosepxHocth. Iajarolasi BOTHA MOJHOCTBIO OTPA3UTCs OT NMOBEPXHOCTH,
NPHYEM MarHHTHas COCTABJSIOIAN Ha IPAHHMLE Pa3Jiesla yABOHTCH, a JeKT-
pHUUECKasl COCTaBAfIOlasl CTaHeT paBHOH HyJio. Ha nosepxHocTn nposos-
HUKa ypaBHenne Makceensia rot H = i + 0D/0f Bripoxxiaercs B

rot H = i, (3.23)

rae i — IJIOTHOCTb HHAYKTHDPYEMOrO TOKA.

Tpu crcTeme KoOpAHHAT, B KOTOPO#i 0ch 0X COBNajaeT ¢ HanpapJeHHeM
PaCnpOCTPAHEHHS! ILIOCKOH BOMHBI, Ocb (Y — ¢ HANpaBjeHHEM 3JeKTPH-
YeCKOro BekTopa, a ock 0Z — ¢ Ha-
NPaBJIEHHEM MarHHTHOrO BEKTOpa, H
NPOBOASALIAA NOBEPXHOCTh NEPNEHANKY-
JaspHa K ocu 0X, Bepaxenue (3.23)
CBOJIMTCH K )

dH Jdx = i (3.24)

Ha snemenT npoBoiHuka AJHHOlN
dy, wecyuwit Tox iydxdz, neiicteyer
cuia Jlopenua (puc. 3.6)

dF = poHidxdydz.  (3.25)

Brinonuue cootBeTcTBYIOIUIME Npe-
©06pa3oBaHHs, MOXKHO TOKa3aTh, UTO
NpH  IJIOWAJH MNONEPEYHOrO CEUEHHS OTPAMAIoWedl IVIACTHHBL § CyM-

MapHasi MCHOBEHHasi CHJia, C KOTOPOM [eHCTBYET 3/ieKTPOMarHuTHast BOJ-
Ha, Oyjer

Puc. 36. K onpegenennio pasie-
HHA 3Jxex1\powanm'moﬁ BOJIHBIL.

F = poH%s/2, (3.26)
e H,, ~— MrHOBEHHOE 3HauEHHe HANPSKEHHOCTH MATHHTHOTO IIOJIS Ha TO-
BEPXHOCTH.
Bepaxas najaiouyio MOIHOCTL Pp,; Yepes BOJHOBOE CONpPOTHB-
JIEHHE TPOCTPAHCTBA Mepex OTpaxaromell naactuuoii Z, = J pofle, :

PDBJI = Zomznans * (3.27)
(tne H,pan — HaNpsDKEHHOCTb MAaCHWTHOTO NOAS NAfAMome BOJIHBI) H

YUHTLIBasl, UTO Ha rPaHKIIE IPOBOJHHKA NPH crostueil Bosie H,o = 2H a5,
ypaBHenue (3.26) 3anuilem B Biijie

F = 9P, Jc, (3.28)

rjie ¢ = 1/)/ &gty — CKOpOCTH CBeTa.
Eciin noBepxHOCTb NMPOBOHHKA He SIBSETCA HICAbLHBIM OTpaaTe-
JieM, TO HyXHO YUHTHBaTh KOS(XPHUMEHT OTPAaMEHHS MO MOLIHOCTH.

B 31OM Ci1yuae
F = Pgag (1 4+ Tp)le. (3.29)
4 3ax. 493 ) ’ 97




Jnsa ceeroBbix BonH I'p 3HAUMTEIbHO MeHBINE eAuHHIL. OIHAKO HA CaH-
THMETPOBBIX BOJIHAX JIETKO MOJYUYHTh TNPAKTHYECKH MNOJHOE OTPaKeHHE.

Ypasrenne (3.29) BecbMa POCTO BLIBECTH M3 COOTHOILEHH KBAHTOBOMH
TEOPHH CBETa, €CIH PaCcCMaTPUBATh U3JyYeHHe Kak noTok ¢oronos. ITycts
B €/lHHH1e 06beMa Nafalollero Jyya GyHeT 71 (pOTOHOB, KOTOPHIE ABHKYTCH
co ckopocteio ¢. Kaxnwlii ¢oTon oGnanaer snepruell Av M HMOYJbCOM
hv/c. MowmocTs najaoLero Jyya MOMXeT GbiTh BHIPAMEHA CeYIOMHM
YPaBHEHHEM:

Pyay = nhves, (3.30)

rae h — nocrosmpas IlnaHka, v — uactora KoseGaHui, s — MJOLALL
NONEPEYHOr0 CeUEHHs Jyua.
Ecnn xosdduument orpaxeHHss MowHoctu otpamxarens I'p, To oOT-

paxarenn Gyner nornomate (1 — I'p) or o6wero yucna goronos. Tak Kak
JiaBJIEHHE JIyua €CTh CKOPOCTb H3MEHEHHS! HMITYJIbCa Jyyad, TO

F = 2nhvsTp + nhvs (1 — T'p)
WIH

F = nhvs (1 + Tp).
Toncrasus ypasrenue (3.30) B (3.31), nosyuum Bhipa:keHHe

F = Puay (1 4+ Tp)lc,

(3.31)

coBnagaomee ¢ (3.29).

Pacuer nokaseiBaer, uTo npH najawoiei momuoctd 1 Bt cuna faege-
Huf coctaBasier nopspka 107 H u mnst ee oGHapykeHus Tpe6yrorcs
BECbMa UYBCTBHTEJIbHEIE NPHGOPEHL.

3.3.2. few cHn ; HMTHOTO MONA Ha CTEHKM NMHMM Nepefaun *

PaccmoTpuM ciyyail AefiCTBHS CHJI TIOJiSt Ha GOKOBLIE CTEHKH BOJTHOBO-
Ia, Bo30yxaeMoro BosHOH ;. dnexTpuueckoe nosie BoJHEL H, (monepeu-
HO-3/IEKTPHYECKOTO THNZ) HMEET TONBKO OAHY NMONEPEYHYIO BEPTHKAILHYIO
cocTaBastioyo. Byfyun MakCHMaJbHEIM M0 OCH, OHO CHAJ2eT 10 HYJsS
Yy GOKOBLIX MOBEPXHOCTEH BOJHOBONOB. MarHuTHOE MnoJie HMEET JBE COC-
TaBJAIOLIHE — TONEPEYHYI0 H NPOAOIBHYIO. .

[pu BeI6paHHOl cucTeMe KOOpAMHAT (PHC. 3.7) 3/1€KPOMArHHTHOE
noJie BOJIHB THNA [y B BOJHOBOJE XapaKTepPH3YeTCsl CIEAYIOLIMMH 3Ha-
YEHHSIMH COCTaBJISIOLIMX

E.=0,

B . nz jlef—ygr)
Ey==HyZy,sin Tze ®

- . J(@f—pgx)

H,¢=Hosm£e L
a

» H,=0,

E,=0, H,=jH, Do g5 T2 MO
. Mep

(3.32)

rae H, — MakcHMajibHOE 3HAUEHHe AMIVIHTYIL HANPHAMKEHHOCTH MarHHT-
HOTO TnoAs; @ — Hactora KojeGauui; yp = (21/A) V' 1 — (MAgp)® —
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NOCTOSHHAS PACMPOCTPaHEHHs! BOJHB THNa Hy B BoanoBoje (Koaddu-
MeHT (aswl); ZOH:ZO/VI—(A/AHD)"— BOJIHOBOE COINPOTHBJIEHHE BOJi-

HOBOJa 15l BONHEL Hyy; Zy — BOJHOBOE CONPOTHBJEHHE CBOGOAHOIO npo-
CTPAHCTBa AJISl IVIOCKOH 3/IEKTPOMArHUTHOR BOJIHBI; A — JJIHHA BOJIHBI
B CBOGOJIHOM NPOCTPAHCTBE; Ay — JUIHHAZ BOJIHBI B BOJIHOBOAI€; Agp—KpH-
THYECKAs AJHHA BOJIHBL.

Bynem paccmatpuBath Takylo BONHY Kak pe3ysbTaT HHTepdepeHHU
OAHOPOJHOH IJIOCKO# BOJIHBEI, Najawollell Ha GOKOBYIO CTEHKY BOJIHOBOJA

Bl |
1 3,0
p ] 'gp"—"n._,—. N \%kﬁm
o = 0
g 3 ~]
200 kB
] S
z
17 3% 15 46 47

Puc. 3.7. Pacnpenenestie nannenns Ha
CTE€HKH BOJMHOBOJA NMpPH BOJHe THna Hy,.

Puc. 3.8. 3aBUCHMOCTb JABJEHUS SMeK-
Tpumamu'moﬁ BOJHL! Ha CTEHKH BOJIHO-
BoJa 23X 10 MM OT 9acTOTH.

N0/l HEKOTOPLIM yriioM W, MoAsipH30BAHHONH NEPHEHAMKYMAPHO MJIOCKOCTH
NageHHs, U TaKOH XK€ IJIOCKOH BOJNHBI, OTPAXKEHHOH OT CTeHKH. *

ITyTem HecmoxubIX npeoGpasopanuit [9] mMoxHO nokasath, uTo cpest-
HEE 33 MEPHOJ IaB/ICHHE, HCNLITHIBAEMOE €AHHHYHON MJIOA/bI0 MOBEpX-
HOCTH GOKOBOH CTEHKH, Gyner paBHO

p,=Foan o L 1
c sin¥ ab

HJH

Pz:p"_ﬂi'l(L)2 by 1 (3.33)
c Axp A ab
Besnnunna 3Toro JaBieHHst NOCTOSIHHA TO BHICOTe GOKOBOH CTEHKH.
Taxum o6pasoM, e uyacTb GOKOBOH CTEHKH BOJIHOBOJA 3aMEHHTD
YNPYro#t MIaCTHHKOMH, TO NPOXOASIIYIO MOIIHOCTb MOXHO H3MEpATD 110 Be-
JIMYKHe n3ruba 3Toll MiacTHHLL. MHIMKAaTOPOM HABNEHHS MOMET CTYKHTD
MBE303JIEMEHT HIH KOH/ICHCATOPHBIH anemenT. Eclin mocrosinHas BpemeHH
S/EMEHTa Mania, TO NOHJEPOMOTOPHBLIH METO NPHIOAEH ANl H3MEPEHHs
UMNYJIbCHOH MOWHOCTH. K3 dopmysnl (3.33) BHAHO, yTo BENHUMHA H2B-
JIEHHS] HAa CTEHKH BO/JHOBOJA NPH MOCTOSIHCTBE MNPOXOASIUIEH MOIIHOCTH
32BHMCHT OT uacToThl Kosefanuii. UYem Gamxe wactora remepatopa
K KDUTHYECKOHi 4acCToTe, TeM GoJibIlle BeJIMUHHA JABNEHHUsl, TAK KaK npH

STOM YMEHbINAETCH YroJi NafeHHsl OAHOPOHOMH BoAHb ¥ Ha CTEHKY BOMHO-
BoJia M HaoGopoT.
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Hapsiny € GOKOBHIMH CTeHKAMH HCIHTHIBAIOT JaBleHHE IPH NpC-
XOXJEHHH SNIEKTPOMATHUTHOH BOJIHBI 1O BOJNHOBOAY TaKKe BEPXHAN H
HEDKHSI5 CTEHKH. BeJIHYKHY 3TOro faBneHus MOXHO ONpeNieJIuTh KaK pas-
HOCTh MEXNy 3JICKTPOMArHH1HBIMH H 3/1€K1POCTATHYECKHMH CHJIAMH, Jeli-
CTBYIOLIUMH COOTBETCTBEHHO Ha TOKH B CTEHKAaX H Ha 3aPS/Bl Ha NOBEPX-
HOCTH CTEHOK. ONIOPH JABJEHHST Ha CTCHKH BOJHOBONA H3CGPaKeHbl
Ha puc. 3.7. 3aBHCHMOCTD JIaB/IeHHs OT YACTOTE! PH TIOCTOSHHOM yPOBHE
TIPOXOJIALEH MOLHOCTH HMEET BHJ, NOKa3aHHHI Ha puC. 3.8,

Pe3y/ibTaTel M3MEpeRHs MOLHOCTH ONHCAHHBIM METOXOM OBUIH OMy-
Grukosanw B. I'. Ilensikopoit [1]. Tlpu Hcrosb3oBaBuM nbe30sneKTpH-
UECKHX JIaTYHKOB (H3 KBapua) NOJyYeHa YyBCTBUTENILHOCTb IPHMEPHO
0,6 MkB/KBT, 4To npH MOWHOCTH B HMIyJbee 300 KB # flfup=1,5 coor-
Bercryer 150 mxB. ITocTosiHBas BpeMmeHH NACTHHKH Gbua JOCTATOYHO
Majia, YTO NO3BOJIKJIO H3MEPSTh MOIIHOCTb HMIYJIBCOB JJIHTEBHOCTHIO
Jo 2 Mkc. Hikuuil npesien H3MepsieMOfi MOLIHOCTH BAaTIMeTpa C KBapueBoi
nnactuuoit cocrapnsier 40—50 kBt B uMnysibce. TIpy HCNONE30BaHHH cer-
HETOBOTro GHMOP(HOLO 3/IEMEHTa MOXKHO H3MEPATH CPEHIOI0 MOLIHOCTH
€ HHXKHHM NPEJIEJIOM JI0 eIMHHL H jionefi BatTa. Bepxuuii npenen usmepste-
MBIX MOILIHOCTE} IPAKTHYECKH OrPAHHYMBAETCS S/IEKTPHYECKOE! IPOYHOCTHIO
BOJIHOBOJIA.

3.3.3. KpyrunuHele BartmeTpbl

TlpuGoprl, H3MepslOLE Yroj NOBOPOTA OTPANKAILETO SJEMEHTa,
HAXOJIAALIEroCst BHYTPH BOJHOBOJA, MM BPALIAIOLHI MOMEHT KaK pe3yJib-
TaT MEXaHHYECKOro BO3JEHACTBHsl 3/IEKTPOMATHHTHOIO NOJsI Ha OTpa-
HaIOWHi SNEMEHT, NOJYYHIH Ha3BAHHE NOHJEPOMOTOPHBIX KDYTHIBHBIX
BaTTMETPOB. OTH NPHOGOPH INO3BOJSIOT CPABHUTENBHO JIEFKO BHINOJHHTh
a6coNTIOTHYIO KaJHOPOBKY Y obecre-
YHTb H3MEPEHHE NPOXONSLIEH MO~
HoctH Bemie 10 MBT.

PaccMoTpuM npoctefilyio cxeMy
Takoro npu6opa (puc. 3.9). Toukasn
NpoBOAsALIAs IJIacTHHa 2 nojBelie-
Ha Ha ynpyrofi KBapueBOH HHTH 6
BHYTPU OTpe3Ka MPSIMOYrOJBLHOTO
BonHOBOna 1. OneKTpoMarsuTHas
BONTHA, PacnpocTpaHsIoW@sncs BIOIb
BOJTHOBOJIa, BO30YXKIAETB ILIACTHHE
TOKH H 3apsfibl H, B3aHMOJEHCTBYSt
C HHMH, BBI3LIBAa€T BpaulAIONHH MO~

Puc. 39. Cxema onHOIMIACTHHYATOT®
TNOHAEPOMOTOPHOrO BaTTMeTpa:

« | — BONHOBOA; 2 — NMNACTHHA; 3~ KBapLEBbIA
crepxenb; 4 —sepKaable; 5 — HHIYKTHBHAR
nuadparma; 6 — kBapueBasi HUTb; 7 — KpY-
THNBHAA TrOJOBKa; 8 — BAHHOYKA3 € CHJHKO-
HOBOH  KHAKOCTLIO, 9 — HCTOYHHK CBeTa;

10 — wkana.

MEHT, I0J IEHCTBHEM KOTOPOro IJIACTHHKA NOBOPAYHBAeTCsi Ha HEKOTOPHIf
yroJi, onpejenseMplil (115 JaHHOH NIACTHHLL, BOMTHOBOAA H NJIHHE BOJIHEL)
MOLHOCTBIO H JKECTKOCTBIO HHTH nopBeca. MHAayk1uBHHe Auadparmer §
KOMIIEHCHPYIOT €MKOCTHYI0 WIYHTHPYIOIYIO NPOBOIHMOCTb, BHOCUMYIO
nnactuHol. I1nacTHEa ¢ NOMOLIBIO XKECTKOTO CTEPIKHS 3 CBsi3aHa C 3epKa-
JioM 4, BaXOSLMMCS BHE BOJHOBOJA. YTOJ NOBOPOTA IMIACTHHKH HHJH-
UHPYETCsl CBETOBBIM JIyYOM, OTPaKEHHHM OT 3epKasia. UToGr BO3BpaTHTDH
NJIACTHHKY B NepBOHAYalibHOE NOJIOXKEHHE, HEOGXOIHMO 32KPYTHTb HHTb
nojpeca Ha HEKOTOpmil yroa Aip.

CooTHolleHHe Meky NPOXOAsILLES MOUHOCTBIO H YIJIOM 3aKPY4YHBAHHS
MOXeT GHTh npejicTaBneHo B Buze [6, 16]

° Myp AY

P = 3.34
apox L L dxl dx” ] ( )
% A “‘( dy + dp )
. 1 A [dx’
tne Myp — yIenbBbifi MOMEHT KPyYeHHs] HUTH NOABECa; Dy = %%, lay

”
+ Ziq;] — KO3((HIHMERT NPONOPLHOHATBHOCTH MEXIy BpAaUlAIOMUM MO-
MEHTOM, JCHCTBYIOLHM Ha NOJBECKY, H MOLIHOCTBIO, NPOXONIAilLe# 110 BOJ-
HOBOJLY.

Ecau u3pecthn 35a4eBHa My B Dy, To uamepenne npoxoasiueir CBU
MOIIHOCTH CBEETC K H3MEPEHHIO YIVia 3aKpyYHBaHHf Av:

Pupox = MRDAIP/SR-

YaenbHEIf MOMEHT KPy4YeHHs! HHTH H Kos(xpuumenT 3, VI KpPyTHJIBHbLIX
BaTTMETPOB OIPEAENSIOT IKCNePHMEHTATBHO.

MoxHO nokasaTb, yTO .

Py J J
M,p= [4n2+ 1n2EJ o=t (3.35)
rae Py, Pp — aMIVIHTY/Ibl 3aTyXalouMXx KoseGaBuit NOABECKH, OTCTOSILIUX
BO BpeMEHH Ha Nepuoji; J — MOMEHT HHEPIHH NOABECKH OTHOCHTEIBHO
ocu BpameHHus;; T — mepHox cBOGORHBIX KOJeGaHHH MOIBECKH.

Touyno onpeneHTL MOMEHT HHEPIMU TIOABECKH H3-32 €€ CJIOXKHOH KOH-
¢urypaunu Tpyamo, nostomy M, HaXONAT, 3aMeHsisi NONBECKY Gpycoy-
KaMH, 3TaJOHHPOBaHHEIMH 1O MOMEHTY HBepuHH. I1pu 3TOM H3MepsioT ne-
puop cBoConHbIX KoneGanuii noaseckH ¢ 6pycoukom Ty u Ges mero T,
a TaKiKe COOTBETCTBEHHO BEJIHYHHEI

=4+ I @) v E=4n®+ In? (/o).

Torna
Mﬂp = §§1J1/(§T21 - Esz)y

rpe J, — MOMEHT HHepUMH GpycKa.

Koapuunent 3, HHOrNA Ha3LBAIOT 3/MEKTPHYECKHM KaNHOPOBOYHEIM
KO3(prumenToM. Besi TPYIHOCTb €ro onpesiesieHHs 3aKJIOYaeTCsi B H3Me-
pensun rpamuenta (dx'/di + dx"/dip). MeToniska u3MepeHHs rPaJHeHTa COC-
TOHT B cienywowem [16].
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CoGupator cxeMy B cooTBercTBHH ¢ puc. 3.10. Iopiuens B GOKOBOM
niede I IBOAHOro TPOHHHKA yCTAaHABIMBAIOT NPOH3BOJBHO, OTMEYasi ero
HayasbHoe nosoxerte x’q. [lepeMerienrem nopimss B nueye I1 noGHBaloT-
Cs1 MHHHMAJIbHEIX NOKA3aBHH HHJHKATOPa B LENH JETEKTOPa NpPH Hayalb-
HOM YIJIOBOM NOJIOXKEHHH cHCTeMBl Y. Co3IaBasi yriioBoe nepemelleBHe
AP = P — Py, HAGNIOAIOT yBeJHYEHHE TOKA32aBHI ugaukaropa. Ilepe-
Memasi Nopuesb B mieye | 10 NoyYeHHs] MHHMMANbHBIX TOKA3aHMIl HH-
JIMKaTOpa, OTMEYaloT ero HoBoe noJioxkeHue x’. Onpenensior Ax’ = x' —
— x'y. 3aTeM aHaNOTrMYHBIE H3-
MEpeHHs NPOH3BOASAT NPH Hayallb-
HOM TIOJIOXKEHHH TMOPILIHs B Ijieye
I, paBHOM X"y = x'q+ Ag/4, u
HayaJIbHOM YIJIOBOM TOJIOHEHHH
cucTeMnl Py. Onpenensitor Ax” =
= x" — x". Toraa uckomuiit rpa-
nuent * Oymer (Ax" + Ax")/Ap.

Mruoxurenb Mhg2c =
= V' 1 —(c/2fa)*/2c naxonst noc-
Jie H3MEPEeRHs YacTOTh H pa3mepa
LIMPOKO¥ CTeBKH BOJHOBOJA.

Herpynso Buzets, yTo KO3}-
(HIHEHT Dy 3aBHCHT OT YaCTOTH.
T 10 yCI0XKHAET KaJHOPOBKY NpH-
€8Y) Gopa B mpouecce €ro HacTPOHKH
N~ H PerynHpOBKH. .

Panee 6pui0 CcKasago, 4To
BaTTMETPBl NPOXOAsIIEH MOLHO-
CTH JIOJKHBl HMETb BXORHOH MM-
nefiaBe, OYeHb GIU3KHH K BOJIHO-
BOMY CONPOTHBJIEHHIOJIHHHH nepefayu. ToJbKO B 3TOM Clydae OTpaKe-
HH 5l H3MEPAEMO} MOLIBOCTH OT BXOJla NpuGopa GyAyT MHHHManbHeMH. Ha
TNPaKTHKE NIOCTHIHYTb KO3(uIHEHTa OTpakeHHs OT BXOIA KPYTHIBHOIO
BaTTMETPa PaBHBIM HYJIO 3aTPYAHUTeNbHO. BXoaHoH mMnelanc mpuGopa
3aBHCHT KaK OT yIJ1a NOBOPOTa MJIACTHHOK, TaK H OT YacCTOTHI, T. €.

<> | flondepomo -
mopHeIT
Bammmemp

Puc. 3.10. CTpyxTypHasi cxeMa KaiauGpOBKH
NOHIEPOMOTOPHOrO BaTTMeTpa.

T =@ - (3.37)

Urobbl KOMIEHCHPOBaTb  HEONHOPOAHOCTb, CO3JIABAEMYIO TJIACTHHOM,
B BOJIHOBOJ| YCT2HABJIMBAIOT COIJIACYIOUIHE 3JIEMEHTH, KaK MOKA3aHO Ha
Ha puc. 3.11. Tomkylo MerainnyecKylo IJIacCTHHY B BOJHOBOZE MOXHO
NpeJCTaBHTb B BHJE PEaKTHBHOH €MKOCTHOH NPOBOJHMOCTH -

Bc = Bpsin®y, (3.38)

rie B, — NpoBOAMMOCTb NJaCTHHBI TIpH P = 90°.

TockonbKy Bpauwlaiousii MOMEHT, JeHCTBYIOUHH Ha IJIaCTHHY, NPo-
nopumosanes dBc/dyp, ero MakCHMaNbHOrO 3HaYeHHsI CIENlyeT OXHAATh
npu $ = 45°. TlycTh wWTeIpH, BBOAMMbE JUIsi KOMINEHCAaLMH, 061ajaoT
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peaktupsofi nposomumocteio B;. Torza HopmupoBaHHas npoBORHMOCTD,
BHOCHMasl INIaCTHHOH H LITHIPSIMH, OyZeT

b, = (Bm/Yoz) sin®y — BL/Yon = bc — b, (3.39)

rie Yon — XapaKTePHCTHYECKasi NMPOBOLHMOCTb BONMHOBOHa; bc — HOp-
MHDOBaHHAfl €MKOCTHasl IPOBOJIMMOCT TJIACTHHBY; bc — HOPMHPOBaHHAN
HHJYKTHBHas MPOBOJHMOCTb IITHIPS. .

Orpaxkenusi B BOJIHOBOZE HMCY€3ai0T NPH KOMIEHCAUHH, T. €. NPH Bbi-
TNOJIHEHHU YCTOBHS

be = br = by = B1/Yon = (Bm/Yex) sin? 9, (3.40)

IZie P — yroJ KOMIEHCAUHH Ha YacToTe f¢, (coryacymoumi yrom).

Ilpu u3MEHEHUH YaCTOTh, T. €. NpH f = fop, (1 2= Ap), GyayT MeBATLCS
COOTBETCTBEHHO €MKOCTHAasi H HHIyKTHBHas PEaKTHBHOCTH, & CJefoBa-
TeIbHO, H COIVIACYIOLIMH YTroJ. z
3aBHCUMOCTD  COrNACYIOLIETO .
YIJa OT YacTOTH NPHOIHKEHHO
MOXeT OHITb BhIpa)keHa YpaB- '
HeHHeM

——

___sinp
Ve £ —1 °
(3.41)

Ionnepomoropsse  BaT-
TMETPBl KPYTHJIBHOTO THNA MNO- _Z_J
JIOGHO 30HJOBHIM YCTpPOHCTBaM
061271210 CYLIECTBEBHBIM BENO-  Puc. 3.11. Cxema PacrofIOKeHHsI NJAaCTHHH H
CTaTK()M’ CBSI3aHHBIM C 3aBH- COl‘.'lﬂOleﬂ.l’HX m'rblpeﬁ B IfPAMOYIONBHOM 8O-
CHMOCTBIO HX TOKa3aHH# OT HOBOZE:

CTENeHH COTNACOBAHHS HArPY3- 1~ Boaxoson; Z—nnacﬂ;}::; 3 — coraacyiouue mTh-
ki. Ecnu gonyctuts, 4to peak-

THBHOCTb MOJBHMKHBIX 3JEMEHTOB CKOMNEHCHPOBaHa W He BHOCHT OTpa-
JKEHHH B JIMHHUIO NEPElayH, TO JJIs NOBLEPOMOTOPHBIX BaTTMETPOB MOXHO
NPHMEBHTL BHIPAXKEHHS TOrPEIIHOCTH PacCOrJiaCoBaHHs, NOJyYEHHEIE
NPH aHaJiu3e 30HIOBLIX YCTPOKCTB. .

Pacuer noxasoiBaeT, 4TO NPH KO3(HUHEHTE QTpaKEHHs HAarpysKH
'y = 0,05 MakcumasibHOe 3HauYeHHe MOTPEIHOCTH PacCOrIacoBaHHA COC-
TaBHT:

— JUIf ONHOIJIaCTHHYaToro BaTTMerpa Gonee 10%,

— I/ IBYXTJIaCTHHYaTOro BaTTMETPa NpH paGoTe Ha CpenHed JJIHHE
BOJIBBl U PACCTOSTHHM MEXAY NJIACTHHAMH, PaBHOM Agcp/4, He Gosee 0,5%;

— JJIA TPEXIVIaCTHHYAaTOro BaTTMETPa, KOrja Bpallaiouye MOMEHTH
CYMMHPYIOTCH H OTHOCATCH MeXIy co6oil kak 1 : 2 : 1, paccrosinie Mexk-
Jly TIACTHHAMH PABHO Agcp/4, YTO MEHTHYHO YETHIPEX3OHIOBOMY YCTPORi-
CTBY C HyJEBbIM CMELIEHHEM MEX/y BTOPHIM H TPeTbHM 30HJIAaMH, NPH pa-
Gore Ha cpenneil AyHHe BosHb He Gouee 0,5%.

ITpu pa6ote B moJoce YacTOT MOTPELIHOCTb PAacCOrNIACOBAHHS ABYX-
M TPEXIUIaCTHHYaTOro BaTTMETPOB NpHHHMaeT GOJibliHe 3HaueHHsi. Tak
4B* 103
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KXaK NOrpellHoCTL paccoracoBaHHs Ha CPeHedt JUIHHe BOJHH [l ABYX-
H TPEXN/IACTHHYATOrO BATTMETPOB HOCHT CHCTEMATHYECKHI! XapaKTep H
HMEET TOJIBKO NOJIOKHTEJIbHEIf 3HAK, TO €€ MOXKHO YYHTHIBATD, BHOCS B pe-
3YJIbTAT M3MEpEHHii COOTBETCTBYIOUIHE NONPABKH. [l yMeBbIUEHHS NO-
TPELIKOCTH PACCOIIACOBAHHSA NPH PaGoTe B NOJOCE YaCTOT B HEKOTOPHIX
KOHCTPYKUMSAX KPyTHJBHHX BaITMETPOB NpelyCMOTPEHA MepecTpofika
PaCcCTORHUA MEXJY NJIACTHHKAMH.

3.3.4. OcobeHHOCTH KOHCTPYKUMM Hekoropsix npuGopos

Paccmotpum  ¢yBKuHOBANTEEYIO CX€My MNOHIEPOMOTOPHOrO BaTTMET-
pa CMIT-4 — cTauuoHapHOH YCTaHOBKH s METPOJIOTHYECKHX HCCIeN0-
BaHMH B TPEXCAHTHMETPOBOM JHATIA30HE DaHOBOJH (puc. 3.12). Oco-

GeHHOCTb KOHCTPYKUHH BaTTMETpa
3aKJIIOYaeTCst B TOM, YTO IOABEC-
Hasi CHCTeMa BHIIOJIHEHA B BHIE
FaHTENH C YyBCTBHTEJIbHLIMH 3JIe-
MEHTaMH, yKPeIJIeHHEIMH TIO yI-
JoM ~7/3 Ha ee kOHU2xX. B npo-
1ECCe H3MEPEHHS] MOLHOCTH MNOJ-
Z’BeCHle CHCTEMY yCTAHABJIHBAIOT

3

4 Puc. 3.12. QyHKUHOHANBHAA CXeMa MOM-

5 mepomoropuoro Batt™Merpa CMII-4:

6 1 — onTuzecknit kBanpant KO-10; 2 — pepxa-

7 Tenb nonBecHoR CHCTEMH; 3 — HUTL; 4 — Boll-
HOBOAHAS CEKUHS; 5 — TyBCTBHTENIbHEIE 3Je-

g MeHTH (nnacTHHKH); 6 — mMUBNEKTPHUECKHIl
CTepieHb; 7 — aBTOKONNHMaTOp AK-30; 8 —

3epKalo; 9 — pemndep.

TIOJ{ TAKHM YIJIOM K OCH BOJHOBOJZA Py, NPH KOTOPOM JJIHHA €€ NMpPOeK-
UHH Ha OCb PaBHsETCS Ag/4. D10 MONOMEHHE COOTBETCTBYeT MHHHMAJb-
HOMY 3HAY€HHIO MOrPEIIHOCTH 3a CYeT PaccorylacoBaHHsi. BarTtmerp nos-
BOJisieT H3MepATh MowHocTh oT 0,1 g0 1 Br B fAnanazome uacror
10ITu + 5% c norpemoctsio,+-0,7% npu KCB <C 1,05.
IonepoMOTOpHEI BaTTMETp IJIsT M3MEPEHHS MOIUHOCTEH GOJIBIIHX
ypoBreit (puc. 3.13) oTyiHYaeTcs TeM, “TO B HEM OTKJIOHSIOWANACSH [JIaCTHHA
TIOMELIIEHa He N0 LEHTPY BOJIHO-
BOJIa, 2 B OKHe GOKOBOH CTEHKH.
BarTmMerp nosBoasier H3MEPSTb
. Mourocte Jio 1 XBr B auana-
3oHe uactror 2,45 + 0,1 ITu ¢
norpeirHoctbio +4%.

Puc. 3.13. TloHnepOMOTODHEIA BAaTTMETP
GoablIHX ypoBHe# MouiHoctn ‘CBU:
1 — posHoBORHBIlt GNOK; 2 — KpyTHJbHast To-
JNIOBKa; 3 — NONBECHasl CHCTeMa; 4 — appeTHp-
H YCTPORCTBO; 5 — MHAMKATOP-
Hbi GJIOK; 6 — OCBETHTENB,

3.3.5. Bo:

™ M TBa B

>

TTonnepoMOTOPEEIfi METOA MOXKeT OhLITb NMPHMEHEH BILIOTH 0 MHJIJIH-
MeTPOBOro JIHanasosa juH BonH. OIHaKo OTHesbHble NPHOGOPH HMEIOT
CPaBBHTENIbHO y3KHH JHaNa30H 4acToT.

Mertos, no3BONSIET H3MEPATH MOMHOCTH OT HECKOJBKHX MHJUIHBATT
Jlo COTeH KHJOBATT CpefHelt MouHoctH. ITorpellBOCTD H3MEpEeHHS MoLl-
HOCTH NPH HCNOJb30BaHHH KPYTHIBHEIX BAaTTMETPOB BKJIIOYAET B celsi clie-
JIYIOL{HE€ COCTaBJISIIONIHE:

— TNOrpeliHOCTD  MeXaHHYeCKo#t Kanu6poBKu O&,, 06ycioBneHHyio
HETOYHOCTBIO H3MEPEHHsI yAEJbHOTO MOMEHTA KPYYeHHs HHTH; OHa OIpe-
JeNIAeTCs] MOTPEIHOCTBI0 H3MEPEHHs] MOMEHTa HHepuHu GpycKa, norpei-
HOCTbIO H3MEPEHHS aMIUIHTY] 3aTyXalouHX KojieGaHHH ¢ 6pyckoM H Ge3
Gpycka NPH MHOTOKPATHEIX H3MEPEHHSIX, NOrPEIIHOCTBIO H3MEPeHHs ne-
pHOJa CBOGOABEIX KoneGaHuil ¢ 6pyckoM H Ge3 6pycka;

— MOrPelliHOCTb 8, ONpejieNieHus] 3JeKTPHYECKOTO KaJIHGPOBOYHOTO
KOS(HILHUEHTa; BBIYHCIAAETC MO JaHHBIM MHOFOKPATHEIX H3MEPeHHil
Ax’, Ax", A npu snekrpuyeckoii KanHGPOBKe;

— TOTPEUIHOCTL 8, ONpefieNieRHs yrila 3aKpyYHBAaHHS HHTH TOJBE-
ca;

— MOrpeliHOCTb PacCOrIacOBaHHS HJH HEHCKIIOYEHHBIH OCTaTOK
NOrPELIHOCTH  PACCOrNIACOBaHHS  Opace-

TMonb3ynck Bhipaxennem (2.15), MOXKHO NOKa3aTh, YTO NPH HCIOJb-
30BaHHH COOTBETCTBYIOUIHX OOPA3UOBLIX CPENCTB M METOAMKH KaIHGPOB-
KH JOCTHMHMO€ 3HAyeHHe TIOTPElIHOCTH MeToJla H3MEPEHHH NopsjKa
0,7—1,5% npu I'y, << 0,025 (KCB <C 1,05). Bonee nospoGHoe usnoxene
METOAHKH ONPENesIEHHs] YaCTHBIX MOTpelIHOCTeH MOXHO HaiiTH B [16].

Kpome BricOKoO# TOYHOCTH MeTOJa, YTO NMO3BOJSET NPHMEHNTH TOHJE-
POMOTOPHBHIE BaTTMETPH B KauecTBe OGPa3lOBBIX CPEACTB, K HX JIOCTOMH-
CTBaM CJE€JlyeT OTHECTH XOPOIUYIO MEPErpy30YHYIO0 XapaKTEPHCTHKY NpH-
Gopos. IIpn6opel Be BHIXOIST H3 CTPOSt NPH 3HAYHTESBHOM MpPEBLILEHHH
M3MepsIeMOH MOLHOCTH (YYBCTBHTEJIBHBIE JIEMEHTHI NPH NEPErpyske ycra-
HaBJIHBAKOTCs] B HEKOTOPOE KpajiHee MOJNOXKEHHE).

K BegmoctaTkam Meroia OTHOCHTCH arenywuee. nOH}IepOMOTOprIe'

BaTTMETPbl 06/1a/jal0T MOBLILEHHOH YYBCTBHTENBHOCTBIO K BHOPAUHAM H
TPACKE, 06/1aJIal0T MasloH HaleXHOCTBIO. .

Heo6xonuMoCTs TimaTeNIBHOrO COTJIaCOBAaKHs ©TPe3Ka Nepeialoilero
TPaKTa BAaTTMETPa BJI€YeT 3a cOGOH NOBHILIEHHbE TPeGOBAHHS K TOYHOCTH
H3TOTOBJICHHS] MEXaHHYeCKOH KOHCTpYKimH. Takne BaTTMETPnl y3KOINO-
JIOCHBI, HX TNOKa3aHHsl 3aBHCAT OT 4YacroTel. Ilosib3oBanue rpaduxamu
YacTOTHKIX NONPaBOK NPH ONPENE/ICHHH "Pe3yJIbTATOB H3MEPEHH CO3/aeT
HeyloGCTBa NpH KCIyaTauud. PaccMaTpuBaeMbli MeTON HEempHMEHHM
B JKECTKHX YCJOBHAX 3KCILIyaTaluH. . '

3.4. METOZ, OCHOBAHHbIM HA MCMNONb30OBAHUU SOMDEKTA XONNA

MeTo| H3MEPEHHST MOLHOCTH 3/IEKTPOMaTHHTHOO TOJSI NOJYNPOBO-
HHKOBLIMU 3JieMeHTaMu Xonsa Gbi BriepBeie onucan Bapmoy [22].

ApexTom Xouna Ha3LIBAKT SBNEHHE BO3HHKHOBEHHS rnone peyHoH
PasfiocTH NOTeHIMANIOB BO BCAKOH NPOBOASWEH [7aCTHHE, N0 KOTOPOH
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B NIPOZIOJILHOM HaNpaBJeHHH NPOTEKAET SNEKTPHYECKHI! TOK, NIPH MOMEmE-
HUH €€ B MarHUTHOe nose, NEPNEHJMKYJIsAPHOE K HANPaBJCHHIO TOKA
(puc. 3.14). dpdexr Xomna, Kax u 3pdexT H3MEHEHHS CONMPOTHBJEHHS
B MarHHTHOM miofte (3¢dexr "aycca), OTHOCHTCS K TaK HA3LIBAEMBIM Ta/IbBa-
HOMArHUTHEIM SIBJICHHSM, OGYCTOBJNEHBEIM B32HMOJEHCTBHEM MarHHTHOTO
noJisAl € IBHXKYUIMMHCS 3apsnamy. 3. I. c. Xon-
- Jia IPSIMO NPOTIOPUHOHANIbHA NPOH3BEJIEHHIO Be-
JIMYHH TOK2 H MAarHMTHOIO IIOTOKa H 0GpaTHO
TIPONOpUHOHANbHA TOJILIMHE 3eMeHTa X ona:

Ex = RxIB/d, (3.42)

rae Ex — 5. x. c. Xomna, B; Ry — nocro-
annasg Xoana, BM/A - T; I — ok, A; B —
MariuTHast uBAyKuus, T; d — pasmep o6pasna
B HanpaBJI€BHH MarHHTHOTO MOJIs (TOJMHHA), M.

Ilpu nsmepesnun CBU MomHOCTH 3/eMenT
Xo/na pacnosiaraloT Takum o6pa3oM, YTOGH!
SJIEKTPHYECKOE TMOJIe 3JEKTPOMATHHTHOH BOJHEL
CO3J1aBaJio B HEM TOK, & MarHUTHOE noJje GbuIo
HOpMaJIbHO NOBEPXHOCTH 3NiemenTa. Eciu dasoBwil caur Mexxny Tokom u
MarHHTHBIM TOJIeM B IIaCTHEKe OyZieT paBeH (asoBOMy CHBHIY Ha Ha-
rpy3Ke, BKJIIOYEHHOH Ha KOHLE JIMHHMH TIEPeJlayH, TO yCPeNHEHHAs BeJH-
YHHa 3. 1. ¢. Xoysia GyZer NpONOPUHOHANBHA AKTHBHON MOILLHOCTH, Iie-
peiaBaeMoii 1O JIMHHH. - -

Puc. 3.14. K onpegenennio
apdekra Xoana B nomy-
NPOBOJAHKKAX,

Puc. 3.15. PacnonoxeHue sseMentoB X01a B BOTHOBOAHOM H KOAKCHAJbHOM TPaKTax.

Tlpumenssi NONYNPOBOIHHKOBLIE 3/JEMEHTH CO CPABHHTENLHO BLICOKOR
TIOIBHIKHOCTBIO HOCHTENEH TOKa, ekt XoJ1a MOXKHO HCMONb30BATD ISt
usmepennss CBU moupocTH B IUIHPOKOM JHanasole 4acToT. PasmemeHue
snemeHTOB XO/I1a B KOAKCHAJbHOH H BOJIHOBOIHOH JIHHHH nepepaq
(puc. 3.15) pasnuubo. IocieNoBaTeNbHOe BKJIIOYEHHE HECKOJBKHX 3j1e-
MeHTOB XOJlJia B L€NH HHAMKALHH NO3BOJISET NOBBICHTD YyBCTBUTELHOCTD
cucrembl. CBAI3b MeXJly TOKOBBIMH BHBOLAMH 3JIEMEHTa H NPOBOIHHKAMH
JIHHHH Tiepelayd €MKOCTHasl. JT0 JiaeT BO3MOXKHOCTb COINIacOBaTh 3je-
MEHTH C JIMHHEH nepesiayn W 06ecneuyHTb HeOGXOIMMEI CABHT MEKIy
YNpaBJsIOUMM TOKOM H MATBHTHEIM TIOJIEM.
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“3.4.1. Caze Meway 3. A. c. Xonna M NOTOKOM MOLHOCTH

YCTaHOBHM CBSI3b MeXKJy BOSHHKAIoUMM nojeM Xo/ia H BeJHYHHOM,
XapaKTepH3yIowmeit NOTOK MOIHOCTH B 5JI€KTpOMarHuTHOM nosie. Jlis atoro
ucnonb3yem ssemeHT Xosta (puc. 3.16) ¢ reomerpudecKHMH pasMepamu
d, j, |, HaMHOrO MEHBIIHMH JJIHHBl BOJIHEL. Ilpu 3TOM BEKTOp YMOBad—
Tlofintasra Tlx NpOHM3BIBAET TONEPEYHOE CedeHHe 3neMeHta s = dl.
Ioa aeficTBHEM 3J€KTPOMarBHTHOro noss (Ey u H“,) 3apslnl, ABHIKYLIHECH
CO cpefiHeli CKOPOCTBIO U, OTKJIOKSIIOTCS K GOKOBOH rpaHH S/1€MEHTa. B pe-
3y/IbTaTe HAKOIJIEHHs 3apsijIOB 'CO3[aeTCs XONIOBCKOE SJIEKTPHYECKOe ToJie
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Puc. 3.16. TTonynpOBOAHHKOBHIA 37€MEHT B 3JIEKTPOMArHKTHOM IOJIE.

Ex. TIpn paBHOBecHH, KOTJa CHIa BO3JIEACTBUA Ha 3apsibl MarHHTHOH
cocraBasiioweii nouisi H, M CHNa XOJOBCKOrO MOJIsl paBHel, CNPABEAIHBO
BEIPaXEHHE
eEx = epv,H, = epuE H,, (3.43)

HJTH
eEx = epu Hx,

rpe e — 3apsiA Hocureds, Kii; u — nofBHxHOCTB Hocutenedt, M/B-¢; p —

MarsuTHas NPOHHLAEMOCTb cpelk, I'/m.
VYcpennensas 3a NePHOJ, BeJHUHHA HANPSIKEHHOCTH XOJIJIOBCKOTO

TI0J1s1 COCTaBJISIET

Ex = punx,

Excp = pullx cp- (3.49)

.
TMocKonbKy NpH pacnpOCTPaHEBHH 3/IeKTPOMArHHTHOH BOJIHBL B CBO-
GONHOM NpPOCTPaHCTBE CHBHI (a3 MeXJy COCTABJISIOUMMMH NOJST PaBeH

HYJI0, TO
g Hxep = EgyHol2, (3.45)

rne Eg, n Ho, — aMIUIHTYIHbe 3HAaYeHHs.
Takum ofpasqM, H3 ypaBHeHHs (3.44) crelyeT, 4TO MexIy IUOT-
HOCTBIO TI0TOK2 3HEPTHH B JAHHOH TOYKE 3JEKTPOMarBHTHOrO NoJjis (Hesa-
BHCHMO OT TOTO, 'l pacipoCTpaHse1csi SHePrHs: B CBOGOJHOM NPOCTPaHCT-
Be HJIH BOJIHOBOJIE) H 3. . ¢. XosJ1a Ha IpaHsX NoJynpoBOAHHKOBOIO Je-
MeHTa CyILIECTBYET BNOJIHE OnpefiefieHHasi 3aBHCHMOCTb. 3. A. C. Xon.n?
nponopuiioanbha Bextopy ITOAHTHETA K sBjsieTCst MepOft MpoXOnsed
momHoctH. Tak Kak npoussenenve EgyHo, B noGoii Touke uieasibHON
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nepeJlalowed JIHHHH SIBJISETCH BeNUYHHON NIOCTOSIHHOH, TO 3/J€MeHTE! X 0J-
718, HE HCKAKAIOLKE SNEKTPOMATHHTHOTO NIOJIsI, He pearHpyIoT Ha CTOsYYy10
BOJIHY B JIMHHH NEPEJlatutl, H NO3TOMY HX MOXHO YCTAHABJIHBATE Ha JKGOM
PacCTOsSIHHK OT HarpyskH. .

nementr Xos1a MOryT GHITb Kak MOHOJIUTHEIMH, TaK H IJIEHOYHLIMH.
Tlonnoxxol 1Sl IIEHOYKEIX 5/EMEHTOB NIOMKEH GLTh MaTepHaJ ¢ Majoil
AHSJEKTPHYECKOH NOCTONHHOM H MAJILIM TABIEHCOM YIila norepn. Pa3mepr
3JIEMEHTOB OCBIYHO BHIGHPAIOT TAKHMH, YTOGHI 1puHa Gbl1a B 2—3 pasa
MEHBIlIE INTHHEH, a TonmkHa 0,1-—0,15 MM 1151 MoHOMHTHOrO M 1—10 MKM —
IUIsi TUTeHOYHOTO [26]. KOoHTaKTH X0JOBCKEX 3JIEKTPOJIOB BLINOJIHSIIOT TO-
uedHeMH. OHH JIOMKHE! OTBeYaTh TpeGOBAHHSAM JOCTATOYHOI 3JIEKTP Hye-
CKOii H MEXaHHYeCKOH NPOYHOCTH Ge3 3aMETHOTO CHHKEHUST Ko3(xbHIHeHTa
NpeoGpasoBaBus (WyBCTBHTENBHOCTH). UyBCTBHTELHOCTD TePMaHHEBBIX
STIEMEHTOB COCTABIISIET BeHYHHY nopsinka 1—10 MkB/Br, snemeHTOB u3
cypbMsiHucToro uenus (InSb) — 3—7 mxB/Br [28].

D. n. c. Xomna CymecTBeHHO 3aBHCHT OT TeMNEepaTyprl. D1a 3aBHUCH-
MOCTb OOBSICHSIETCS H3MEHEHHEM NOJBHXHOCTH HOCHTENOH TOKA B HHTEp-
Base Temneparyp. ITostoMy npumeHenue sjeMeHTOB Xo/ia HEBO3MOMKHO
6e3 cxeM TeMnepaTypHOH KOMNEHCAIHH MK cTabuinsauuu. Ha BeixonHbIX
SJIEKTpOLAX sneMeHTa Xojuia, KpoMe 3. J. ¢. Xoua, o6pasyiorcs cous-
MEDHMBIe C Hei TEPMO-3.. /I. C. U HAlPSIKEHHE 32 CYeT 3pdexTa BoINpsaMIeRHs
[23], xotoprie cymecTBenEo Bimsor Ha TIOTPEIHOCTD H3MEPEHHST MOLL-
HOCTH. .

3.4.2. Bo M poc A

I“aKCHMaJ[bHO nonycKaemasi MOLIHOCTb, nepejaBaemasi no BOJTHOBOAY
NPpH HCNONBb30BAHHH 3JIEMEHTOB XOJIJIa, ONnpeneysieTCsi MakCHMaJBHO Jo-
NYyCTHMEIM HarpeBoM 3JIeMEHTa, KO3(I)(1)HL[H€HTOM TEMJIOOT/Ia4H U €ro reo-

* METPHYECKHMH Da3MepaMH B NONEPEYHOM CEUCHHH. Ilnst 3-casTuMeTpOBO-

TO ZuanasoHa mpu pasmepax snementa 4 X 0,15 X 2 MM?, pacnonoxen-
HOIO B LEHTpe BOJHOBOZA, H Harpese ero o 100° C MakcHMaIbHO JONyCTH-
Masl MOUHOCTL HenpepuiBHEX CBY koneGanuii paBua 12 Br (12 kBt um-
TNYJbCHOH MOWHOCTH TpH cKBaxhoct 1000). Huepumonnocts sdipexra
OuY€Hb Mana, YTO NO3BOJISET HCNOJb30BATh 3JEMEHTHl XOMNa Juis H3Mepe-
HU51 HMIYTHCHOM MOWHOCTH. TToKasano, YTO MHEPLHOHHOCTb HOCHTeJeH
3apsifla CKa3blBa€TCs Ha yacrotax ceriue 40 Ty [28].

BepxHuii mpefien n3MeperHs HMIyJIBCHOM MOLIHOCTH BaTTMETPa, KaK
YTNOMHHAJIOCh, MOXeT OBITb yBesHYeH DAaclONOMKEHHEM 3JeMeHTa BOJIH3H
OJIHOH U3 Y3KHX CTEHOK BOJHOBOJA, ' .

K nocrouncream meTona otsocHTCs Manast HHEPUHOHHOCTb. Baarona-
pAl STOMY METOA MOMeT GbiTb NPHMEHHM KaK A H3MEPEHHS MOUHOCTH
CBUY curHanop senpepuBHORM TeHepallHH, TaK H V1S HMIYJIbCHOH MOLIHOCTH
B AnanasoHe 4acToT N0 NeCATKOB rurarepu. Kpome Toro, siement Xomna
0GeCreYHBaeT H3MEpPEeHHE MOMIHOCTH, PaCCEHBAEMOH B Harpyske (mpoxo-
ZSEH MOIHOCTH), HE3aBHCHMO OT €€ PacCOrIacoBaRHs.

Hepocratkn metona — Hu3Kas uyBCTBHTENBHOCTB, Manas TOYHOCTb,
SaBHCHMOCTD OT TeMNEPaTyPHbIX BO3JIHCTBHI; MaNHil IHHAMHYECKHTT JHA-
nasoH. Hs-3a ykasaHHbIX HEIOCTATKOB METOZ NOKA HE HALeN NPaKTHYECKOH
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peanusaluu B cepuitbx npubopax. BoamokHo, uTo ¢ MosBreHHeM HOBHX
NONYNPOBOJHHKOBLHIX MaTepHANOB H COBEPIICHCTBOBAHHEM Texx-xonqrp::
MOJYYEHHs] OMHYECKHX (HEBHUIPSIMISIONIMX) KOHTAKTOB METOl Hai
Gosiee IHPOKOE NPHMEHEHHE.

3.5. METOZ, U3MEPEHUS MPOXOASLLEEA MOLLHOCTU C HANPABNEHHbIMU
OTBETBUTENAMU

Jais1 u3MepeHHsl MPOXonsueil MOLIHOCTH MOTYT GhITh HCIONIB30BAHH
BaTTMETPEl MOIJIOWIAEMOfi MOLIHOCTH, BKJIIOYaeMbie BO BTODHYHBIH KaHAI
HanpaBJeHHbIX OTBEeTBHTeJel. THI BaTTMETpa MOrJIOLIAeMOH MOLIBOCTH H
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Puc. 3.17. CrpykrypHas cxema H3MePeHHs NPOXOJfilleli MOIIHOCTH C TIOMOLBIO JBY-
‘HanMPaBJEHHOrO OTBETBHTE/A M BATTMETPOB IOIJIOLAEMOH MOLHOCTH.

XapakTEePHCTHKH HaNpaBJIeHHOrO OTBETBHTEJISA Bmﬁupam HC‘?(OII.H H3 Jua-
na3oHa paﬁolmx YacTOT H YPOBHSI H3MEpSAE€MbIX MOLIHOCTEH. Hpu 3TOM

Prpox = Pnan — Porp = Pi/Kuep — Py/Krep, (3.46)

roe P,, P, — MOIHOCTH, H3MepeHHb€ BATTMETPOM TIOIVION(AeMOF MO~
HOCTH, MNPONOPLUHOHAJbHBIE Nafawomell U OTPaXKeHHOH MOLIHOCTSM COOT-
BETCTBEHHO; Kyep, Kiep — KO(ppHUHMEHTE mepefay JABYHANpaBJIeHHO-
ro oiBerButens (puc. 3.17). ) .
Ecin OTBeTBHTENb COIEPIKHT NOBOPAYHBAIOLMICH HaNpaBeHBbIH

3JEMEHT CBSI3H, TO -
Kl{lel) ~ K:Iep = Knepv Pnpox = (P, — PZ)/Knep' (3-47)

Ilpu Harpyskax ¢ HeGOJBLIHM KO3(pHIMEHTOM OTPAXEHHS H NMPH HEBHI-
cOKHX TpeGOBaHHAX K TOYHOCTH HHOIJA OFPaHHYHBAIOTCS H3MepeBHeM
TOJIbKO TNajalowefl MOLIHOCTH, HCNOJb3ysl ONHOHANPAaBJIEHHLIE OTBETBH-
Tenu. Hanpumep, npu Harpyske ¢ KOS@)Q)HHHCHTOM.OTPHH(GHHH 0,1 (KCB =
= 1,2) pasnuna Mexay najaiomed 4 NPOXOAsmeH MOLIHOCTbIO He TpeBH-

maer 1%, 1. e.
Pnpox = Ppan = P1/Knep- (3.48)

Crpykrypras cxema BaITMeTpa C NpPAMEIM OTCYETOM NPOXOZsieft
MOIIHOCTH, COJ€PIKalIECro aBTOMaTHYECKOE yf.TpOHCTBO BblYHTABHA BbI-
XOJIHEIX CHTHAJIOB NPHEMHEIX NpeoGpa3oBaTesell JHOAHOIO HIlH TEPMOSJIEKT-
PHYECKOro THNa, NPHBEJEHa Ha PHC. 3518

- B [19] onucan KOMOGMHHPOBaHHHLIH NOHIEPOMOTOPHEIH BATTMETP s
NpAMOTO U3MEpeHHsi TNpoxofsweit Mowpocty (puc. 3.19). I/Icnonbaog-
10!




BaHue JIByXHaNpaBJICHHOTO OTBETBHTENs TO3BOJIsieT DPasMeCTHTb OfHY
TIOZIBECHYI0 CHCTEMY C 4yBCTBHTEJIHBIMH 3JIEMEHTAMH B KaHajax Najaio-
LUefl” M OTPaXKeHHOH MOLIHOCTH. UYBCTBHTEJIBEHE 3JEMEHTh YKpeIUIeHb
Ha o6iem CTepXKHe H YCTAHOBIEHb TAKHM 06pPa3oM, YTo BpaL@IOLIHe MO-

TMpuemwerd Ycrmpoacmbo TpuemHsrd
\peobpasocbamens Bor npeodpazpbamens
Peay . ny K Haepyixe
—Hf T~ i

Puc. 3.18. Ctpyktyphas cxeMa TIPIMONOKA3BIBAIONION0 BaTTMETPaA NMPOXOAsAIIER MOKL-
HOCTH.

MeHTH My u M, eHCTBYIOT Ha NOXBHXHYIO CHCTEMY B POTHBOTIONOMKHEIX
HanpaBjenusx. IIpn TakoM BKIIOWEHMH pe3yJBTHPYIOLWMH Bpamamoumi
MOMEHT TNpPONOPUHOBAJEH NPOXOAAMEH MOWHOCTH. KoMGHEHpPOBAHHLIM
TIOH/ICPOMOTOPHEI BaTTMETP OTJIHYACTCS OT OCHYHOTO MEHLINeH Morpeli-

HOCTBIO paccOIIacoBaHHs, TaK Kak

P
* 8y HarPyskH BO BTOPHYHBIX KaHalax
"*' Kpymunenas MOTYT GHITH COrJIACOBaBbI C BHICOKOR
eon06ra TOYHOCTBIO.

Metox npHHUMNHAIBHO TpHMe-
HHM Bo BceM nuanasose CBY Bnnorb
IO MHJJIHMETPOBHIX JUTHH BoaH. Oji-
HaKO OTJe/bHb€ THIL BATTMETPOB
HMEIOT OrpaBHYeHHEIH JHanasol Ya-
CTOT, OnpeesieMblfi 1Hana3soHoM Ha-
/_ NpaBleHHEIX oTBeTBHTeN€eH. Ipu He-
. TIONB30BAHHH BATTMETPOB -NIOTJIOLIE-
Vy”ﬁ’;’gﬁg%’””“ €MOil MOLIHOCTH MaJioro yPOBHS
: HANpPaBAEHHLIX OTBETBHTEJEH ¢ KOS(-
¢uupentom nepenaun 20—70 gb me-
11 TOJ TO3BOJNSET H3MEPSTb .NPOXOLsi-
IHE MOLIHOCTH OT HECKONBKHMX CO-
TeH MHKpoBaTT o 100 kBt. Bepx-
HHH TpelieJ] M3MEPSIEMOH MOIHOCTH
fg;buﬁionzggg;ge“23&:&’;&%&‘ OTIpENIeIsieTCs  KaYeCTBOM — SKPaHH-
BaTTMetpa. poBxy npeoGpasoBatesist M BaTTMeTpa
- OT BHEIUBHX NoOJe€il,
TlorpelHocTs  H3MEpeHHs ONpefiessieTcs CAELYIOUHMH OCHOBHLIME
COCTaBJIAIOLLIHMH &
— NOTPEIIHOCTBIO ATTECTALHH HAaNpaBJIEHHOTO OTBETBHTENS! 1O KO-
spuupenty nepenaun §,;
— TOrpellBoCTbIO, OCYC/IOBIEHHOH YacTOTHOH 3aBHCHMOCTBIO KO-
SxputipeHTa nepesiayM HaNpaBJEHHOro OTBETBHTENS B NOJIOCE YACTOT, Oy
~— TNOrpeIIHOCTBIO BaTTMETPa MOFJION@eMOH MOLIHOCTH 8 4;

YyBemburnenswonl
emerr

K abmoron-
numarmopy

] Rl

*I( Hazpyxe
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— norpeluHocTh0,  0GYC/IOBJEHHOH — paccornacoBaHHEM: Bpace=

P ace = T,
b algacc + SSscc’ rae 6|I>acc =2 | Fa luauc Irn Iuaxc- 6plu:c =2 I Iy lmmc ] 2 Ii:n]l:oey
— € 3HaYeHH -
| Ts ) anes ITn) maxes | Ty Inaxes | T2 l same MaKCHManb:HaBJ]eHHOFO or
nyned 3bdexTHBHOrO Koa(ppHIeHTa OTpaXeHHs Hanp o
BETBHTEJIS1, KO3((MHUHEHTOR OTPAXKEHHsI HarpysKH, BaTTMeTpPa H
BTOPHYHOIO TPAKTa BanpaBJEHHOro OTBETBHTEJ. —
Hcnoab3ys BelpaxkenHe (2.15), MoxHO TIOKa3aTh, i p TR .=
l[‘ Iua c:012- rnlnauc = 0,2, lFalmauca—' (221 63/ M]\;;;:cu-
=013, 8, = +7%, 0, = +5% B nonoce +5%, 83 = +6%

Ma.'IE:HO'e 3HaYyeHHe NOrpelHOCTH H3MEpEHHA HpOXOlIHHLeﬁ MOILIIHOCTH COC-

0,
TaBur 20—25%. )
K JOCTOHHCTBAM METOJA CJIENyeT OTHECTH: BO3MOXHOCTb NPHMEHEHHS

BaTTMETPOB NOLJIOMAeMOl MOLIHOCTH MaJIOro ypOBH: LI Hsmepel;m; ggg;;
IIMX MOUIBOCTEll, @ TAKXKE NO3JIEMEHTHOH IPOBEPKH OTIEJIbHEIX NP

a MaJIbiX YPOBHSIX MOLUHOCTH, .
(YM(])”;ZE;:)CTaTKH w)llgrona: Gosblliasi TOrPELIHOCT H3MEpEHHH, Tx?l';%rgg
cymectBerHo 3asucut or KCB narpyski, HanpaBJIeHHOCTZT ;:4 TSI moctH
aTTECTALHM NEPEXONHOro ocjaGieHMs Hanpab/eHHOro OTB Tens; He-
OGXOZHMOCTb TOJb30BAHUS IpaHKaMH NONPaBOK NPH HIMEPEHHIAX B

ce qacrot.




Fnasa 4

METO/bl M MPHUEOPLI
MOLLHOCTH ANA U3MEPEHUS| UMY IbCHOW

Kak u3Bec
" H3MepeHHOr0ﬂ;(I-)I'a qlz]:ﬂynbcnylo _MOLIBOCTb MOXKHO ONpEJEIATh HCXOAS
Hs1 CPEJHeH MOLIHOCTH M CKBA)KHOCTH HMIYJIbCOB

MyJBCHO i

HZHGOJI ej rfgggfb?;u’zamomnocm. Cpens BuX campm PacnpocTpaHeHHEIM H

e mpocrii » JISIETCSl METOZ, THKOBOTO Jerektopa. Jipyrue mMetonn

onie M [J1aBe, HCNOJIB3YIOT B OCHOBHOM NPH Ha CCJI :
HHAIX M B 06pa3uoBoii anmnaparype, P Vi neene:

4.1. METO[ MUKOBOro AETEKTOPA (BOJIbTMETPA)

Cymgocrs

i Bw)(lgjze T (l)wB(:;i;%m}iI eii;g;maﬂm B M3MEPEHHH HaNpPSKEBHs CHrHana
OO, eKOBOTO JTe g’fa, KOTOpOE NpOoNOPUKHOBAILHO HMITYJIbCHOM
Hamp et ool (1)1 eKTOpy. JletekTop cumraior [IMKOBLIM, €CTH
e POBaHHOIO CHIHANA TIPONOPLHOHAIBLHO AMIIH-
. nyJbca. *

accm i
B ool cxg:sucng TIPOCTEHIYI0 CXeMy NHKOBOrQ netekropa (puc. 41).
TIPOTHE/ICHHE HAIDY3KH JieTeKTopa R BLIGHDAIOT Ha He
CKOJIBKO TOPSIAKOB GOJIbILE BHYTPEHHELO COII o:
THBEHHS nuofa. OfHaKo M NPH BLICOKOOMHOM ga-
TPY3Ke HEJIb3sl NONYHTh MHKOBHIH JETEKTOp, eciu
Ru|U CKBXHOCTL HMIYJIHCOB GOJbIIAs. I/ICHOJII:3;U{ oT-
HOLLEHke, pemtaeMoe rpaoana HTHYECKHM MTyTeM,

!

Um
— ®or = nRi/FmTuRm ‘ (4.1)

;}:{e Por — yron orceukw; F, — yacrora cienopa-
5l HMIYJIbCOB; Ty, — JJIHTENBHOCT
o b HUMIYJIBCOB;
f, BHYTPEHHEE CONPOTHBJEHHE [HOLA; R, —conpomsnenﬁe clc;::
PY3KH IICTEKTOpa, MOXKHO NPHO/IHKEHHO OLEHHTH KOS(HLHEHT
nayy_getekropa (Kyep = cOS @) nepe
Tax, npu Ry = 50 MO :
n= M, R; = 500 OM (n1s nuona 6113
C Koatxpu-
UHEHT nepefayd coctaBur: 0,98 npu ckpaxsocru 1/F.t, = %%0 0 o
npu KKBZDKHOCTH 1000. . " 090
HAJIOTHYHbIE Pe3YNIbTATH II0JyYaoTC
si IPH pacyeTe Inorpei
H3MEpeHHsl aMIUIHTY/lbl HATIPAXKEHHs] PafiHOUMITYJIbCA IO (popM)?.ne roem

8= —V (978) (Ry/Fy 7, RF (4.2)

Puc. 4.1. Tlpocreii- tg @or
uiasi CXxeMa nHKOBO-
IO nerextopa.

12

NpH yCNOBHH, YTO OGPATHOE COMPOTHB/IEHHE LHOLA 'HAMHOIO 6oJiblle CO-
npoTHBNeRHsl Harpysku [2], T. e. 8 = —2,2% npu cxBaxkroctH 100 u
8 = —10,4% npu ckpaxcgoctu 1000.

Takum 06pasoM, cxeme jeTekTopa (puc. 4.1) npucyuia cylnecrBensas
3aBHCUMOCTh TOKA3aHHH OT CKBa)KHOCTH HMIYJbCOB IPH MOCTOSIHCTBE
YPOBHs1 CHrHaja, NOABOIMMOTO K JI€TEKTOPY. VYkazauBb HEJOCTaTOK
MOMKHO B 3HAUHTEJBHOH CTENEHH YMEHBIUHTb, NPHMEHHB CXeMY aBTOKOM-
NEHCalHOHHOIO BOJBTMETPA.

TpuBeneM Haubojiee pPaclpoOCTPaHeHHYIO (YHKUHOHAJNbHYIO CXeMy
JMONHOTO aBTOKOMIEHCAIHOHHOTO BoMbTMeTpa (pHC. 4.2). Toct ynatouui
Ha BXOJ CXeMbl HMIysbchbiii CBU cHrhall ¢ ammiiHTyJOH U,, obpasyer

Ry

—1}
I

V] Gz

S Hom
ST TR

Puc. 4.2. QOyHKIHOHAJIbHAS CXEMa JIHOLHOrO aBTOKOMIEHCAI(HOHHOT'O BOJIBT-
MeTpa.

Ha Harpyake auona [l HMIyJIbChl, KOTOPbIE, YCH/IHBAsiCh, OTKPEIBAIOT K04,

o6ecnieyuBasi NpH STOM CTynenyathii 3apsii Kouaexcaropa Co NOCTOSHHLM

nanpsikeHnem U_.. OnHOBpEeMEHHO MO UENH o6paTHOH CBsi3U uepe3 pesHC-

Top R, HanpsnkeHHe 3apsjla KOHJEHCATOPa B Ka4eCTBE KOMMEHCHPYIOIEro
nofaercs Ha nwof, [y, BHIOIHsIomHit PyHKUHIO IHCKPHMUHATOpA. JT10 Ha-
NpsKeHHe CPABHHBAETCS C AMIVIHTYAHBIMH 3HAYEHHAMH H3MEpSIeMOro CHI-
pana. Tocie mpuXoza n-TO HMIYJbCa BEJHYHHA KOMIEHCHpYyMOLIEro Ha-
NpSUKEHHS CTZHOBHTCS DaBHOM aMINIHTYJle H3MEPHEMOro CHrHaja Hihi
Gosnblue Hee H AMOA [[; 3anHpaeTcs. Haunnaercs paspsp KorzeHcaropa Cy
H NpOJIOIKAeTCs 10 TeX TIop, NOKa JHOJ, HE OTKPOETCs BHOBD. Takum obpa-
‘som, Hanpsakenue U_ OyfieT KojeGarbcsi BOJH3H 3HAYEHH: U,,, npHYeM
BeJMYHHA OTKJIOHEHHH ONpeeNisiercsl YyBCTBHTENBHOCTBIO CX€Mbl H napa-
Merpamu curiana. Cpenmee spayenue U_, 6nuskoe K U,,, usmepsiercs
BOJBTMETPOM NOCTOSIHHOTO TOKA, OTCYETHbIH MPHGOP KOTOPOTO OTrpaiyH-
poBaH B €HMHHLAX MOIIHOCTH. .

4.1.1. BOIMOMXHOCTH M [OCTOMHCTBA MmeTopa

. Merox NHKOBOrO JHETEKTOpa NMPHMEHHM 10-2—2,5 I'T' npx HCMOJb-
30BaBHH BaKyyMHBIX JTHOZOB H J0 18 I'Tu—noaynpoBOAHHKOBEIX JHONOB.
OrpanuueHHe JManas’oHa YacToT cBepXy OCyCJOB/IEHO GOMBIIMMA SHaYe-
HUSIMH YaCTOTHHIX TOrPElIHOCTeil, KOTOPEe TEOPETHYECKH Y4YecTb HeBo3-
Moxno. T'panynpoBka npu6opa Ha uacTorax, GIH3KHX K npefesibHbIM, Ma-
NoatdeKTHBHA H3-32 GONIBLIOro pa3bpoca XapakTepHCTHK JHOLOB; NpH 32
MeHe JHONOB IPalyHPOBKY HYXHO IPOBOJHTb BHOBb.

JIHHAMHYECKHIi 1HaNa30H, TAK ¥e, KaK H YaCTOTHbIH, 3aBHCHT OT Xa-
PAKTEPHCTHK NpHMEHsieMbX An0zoB. IIpH mocTpoeHHH LETEKTOpa Ha mHo-

JIyNPOBOJHHKOBEIX JHOJAX, PaGOTAIOIKX B KBaJpaTHYHOM pexHMe, IHHa-
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MHUECKH} JMaNasoH cocTabisieT nopsiika 20 1B (ot emumHL W gonef;
20 RecATKOB MHKPOBATT) 151 C/IyYast JIAMIIOBELIX JHOJIOB (B JIUHEHHOM pexKu-
Me) — OT JiecATsIX foNiel Batta go 200 Br. Ipumensis Bremmue nenure-
J1Y, BEPXHUH Npefiesl MOXKHO yBesqHuuTh 1o 500—1000 kBr.

MakcumaneHas norpemHocTs  meTona NPH  aBTOKOMINEHCAHOHHOH
CXeMe ONpPEJIENSACTCS CENYIOUMUMH  COCTABJISIOUHMH:

— MAKCHMAJIbEEIM 3HAYCHHEM YaCTOTHOH MOrpelHOCTH JIeTeKTOp-
HOro IpHEMHOro npeoGpasoBatens 8, (mpu KaJIHGpOBKe BaTTMETpaC ro-
MOLIBIO OGPasLOBLIX CPENCTB 3a YaCTOTHYIO NOrPEIHOCTD NPHHHMAKT
TIOTPEILHOCTE ONpE/IeNIeHH s ONPABOYHEIX KO3(hULHEHTOB; B 3aBHCHMOCTH
OT NpHMEHseMOfi 06Pa3LOBOM aNNapaTypu MaKCHMAIbHAS OTHOCHTeJIbHast
NorpeitHocTs §; 06e1uHO cocTapasier 4= (6—10)%);

— MaKCHMaJbHOH ILOTPElIHOCTBIO, 0GYCIOBIEHHON YyBCTBHTEJIbHO-
CTBIO" ycuituTesns, 8, (na npakThke sta norpénmocrs o6kYHO CKa3kIBaeTcst
TIPH MaJbiX YPOBHSX H3MEPSIEMBIX CHIHAJIOB, B OCTAJbLHOM yYacTke JuHa-
MHYECKOro JiHanasoHa npu6opa €10 MOXKHO npeHe6peys);

— MAKCHMANLHOH MOTPEIHOCTDLIO, BLI3BAHHON HEJMHEHHEIME CBO-
CTBAMH JNIETEKTOP2, . 8, (K Hcnonb3oBaBum naMmoByx BBICOKOYACTOTHBIX
nuonio 6J113]1 sta norpemsocrs cocrasmser 2—3% NPH aMIUIHTy e H3Me-
PAEMLIX HMIyNIbeoB o 2 nio 10 B; npu yBesuuyenuu aMIUIHTYJB CHTHana
3Ta NOTPEINHOCTb yMEHbINAETCs1);

—MAKCHMAJILHOH NOrPEIIHOCTBIO H3-32 H3MEHEHH ST JUTHTEIbHOCTH H a-
CTOTHI CIEJIOBAKUS UMIYJIBCOB 8, (MOXKeT focTHrats 2—3Y% TIPH YacTotax
caenoBanns ot 100 ' no 10 k' u anuTensuocTH HMINyJIbCOB Godtee 1 Mkc);

—— MAKCHMaJIbHOH MOTPelHOCTBIO H3MEepeHHs KOMIIEHCHP Y I01ero
HanpsKeRus NOCTOSHHOIO TOKa O (MOMET NMPHHUMATL 3HaueHHs or 1 no
3% NpH HCNONB30BAHHH OGLIYHBIX CTPEJIOYHBIX HHIHKATOPOB U NpeHeGpe-
HMO Mana NPH HCTIONB3OBAKHH MH(POBOTO OTCYeTa); *

— MaKCHMaJIbHOH NOTPElHOCTBIO  PACCOrNacoBaHHs Space. IMo-
CKOJIbKY BAaTTMETPh KalHGPYIOT N0 06pasLoBoMy npu6opy, Iawmas no-
TPElIBOCTb COCTABHT

Gl’ac“:inI‘r”FBl- 4.3)

INone3ysce BriparenHem (2.15), moxHO nokasats, uto MaKCHMaJibHas
TOIPEIIHOCTh  H3MEPEHHS! UMIYJIBCHOR MOWHOCTH MeTONOM BOJLTMETPa
COCTABHT: Syapc = 8 ... 12% Gea Y4eTa NOrpelBOCTH PaccoracoBanus,
Suaxe = 17 ... 20% c yuerom TIOTPELIHOCTH paccornacoBanust (npu I'y, =
= 0,33; 'y = 0,2). Ecain qusamudeckuii quanason PaCUIMPSIOT C NOMOIIBIO
BHCIIHHX JeJuTesell, NOrpeluHOCTL H3MEPeHHst B CAyyae MO3/MEMEeHTHOR
Ka/HGPOBKY NPHGOPA COOTBETCTBEHHO BO3PACTAET.

MeTofly MHKOBOro JZieTeKTopa CBOfiCTBEHHA cnenuguyecKas JONONHH-
TEJIbHAS MOrPEIIHOCTh, OCYC/OB/EHHAs HaJHYHEM TapMOHHYECKHX COC-
TaBIAIOUHX B CIEKTPe CHrHala. Biusisye sToil norpelHoct: paccMoTpeHo
B I 2. .

K 1ocTonHCTBaM MeTona OTHOCHTCS ero NPOCTOTa M BELICOKAs Hafewk-
HocTb. Henocratkamu sBnsiiorest: Hu3Kas TOYHOCTD H3MEPEHHS MOIHOCTH;
OrPaHHYEHHEI{i CBEPXY JHANa3OH PaGOuHX YACTOT; 3aBHCHMOCTH NOKA3A.
HHH NPUGOpa OT BENHYMHEL FAPMOHHYECKHX COCTABJSIOLIHX B H3MepsieMoM
CHTHane. )
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4.4.2. Npubopw, Ha A A P

bC-
Tpu6op M3-3A (puc. 4.3) mpenHasHayeH AJf unsrng;%%r;r:; Hm;nl)(rgax_
i CHrHaJIOB HENPEPLIBHOH
0l MOLIHOCTH M MOLIHOCTH
2Ha.rIbelX tpakrax. OJHHM H3 €ro OCHOBHEIX Y3JIOB fIBJIS

OYHOE
npeo6pasoBaTelib, BKJIIOYAIOUIHEA B ce6s1 COrJIacOBaHHOE HAarpys

€TCs1 NPHEMBBIH

‘o

Aemexmopras
eonobra

I —1
|Abmoxomnerce
. YuoHHaA yens
C OmCYemHeIM
yempodcm8oM

Nuxobord
Pesucmop B

5

Puc. 4.3. O6wmi pux (@) u pysKuxowambnas cxeva (6) BaTT™METPa M3-3A.
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CONpOTHBIIEHKE (pHC. 4.3, 6) H eTeKTOpHYIO TONIOBKY, NMPHUCOENHHEHHYIO
K HEKOTOPO#H YacTH HarPy304HOrO CONPOTHBNEHHS] (nenurenmo). Hanpsoxe-
HHE BHICOKOM YacTOThl HA BBIXONE AEJHTESI, NPONOPUHOHANBHOE MOJBO-
JHMOH K NPHGOPY MOLIHOCTH, H3MEPFETCS] NHKOBHIM BOJBTMETPOM, COG-
PaHHLIM 1O aBTOKOMIEHCALHOHHOK cxeMe. B cxeme JIETEKTOpa NPHMEHEH
BBICOKOYACTOTHRIH Auon 6J113]1.

Tpu H3MepeHHH MOLIHOCTH HENPEPLIBHLIX KONeGaHui HHIHKATODHast
YacTb npu6opa ynpouaercsi. C noMouipio NIEPEKTIOYATE ST THKOBLIH BOJIBT-
METp NpeBpallaeTcs B OGbIYHbIH AHONIHO-KOH/IEHCATOPHBIH BOJIBTMETP C yCH-
JIUTEJIEM NIOCTOAIHHOTO ToKa. K npuGopy npunaraercs rpaduk nonpasok,
YUHTHIBAIOUIHA aMIUTHTYLHBE H Y3aCTOTHHE CBOHCTBA npu6opa. Anasoruy-
HYIO CXeMy HMeeT npuGop M3-5A. -

OcHoBHbe XapaKTepHCTHKH npubopoe M3-3A, M3-5A NPHBECHLI
B Tabn. 4.1.

. Ta6anua 4.1

Haumenoranne Xapaxtepuersku
X2paKTePUCTHKH M3-3A I M3-5A
Juanason wacror, ITy 0,03—1,2 0,03—1,0
Ipenent u3mepenns:, Bt [0,25—15 (cpennee | 500—500- 103
3HaueHue) (8 HMIyJbCE)
4 50—5.102
(8 uMnyabce)
« | BxomHoe conpoTuBaenye, - 75 75
Om .
KCB sxoga 1,15—1,4 . 1,3
Morpewnocts, % 15—30 30

4.2. WHTEMPANBHO-AU®®EPEHLIMA NTbHBIK METOA

B snurepatype umoriia stor mMeron HasmBaiot «6apertepubiM». Crpyk-
TypHas1 cxeMa npu6opa, 0CHOBAHHOTO Ha HHTErpanbHo-IHpDepesIHaIbHOM
MeTOZie, NpHBELiCHA Ha puc. 4.4.

Aupoepenyupyroud
yeunumens
P |60, e A e - Muxoberd
mee— nipeodpaszoBamens) Bonemmemp
|

Hcmouwur  moxa
llln ) w
pamop I—l 7

Puc. 44. Crpyxrypnas cxema 60JIOMETPHYEOKOTO WMITYJIbCHOTO BaTTMeTpa.

Barrmerp paGoraer caenytouyim o6pa3som. Ipu BoazejicrBuu HMNyabca
CBY momHOCTH Ha GOJIOMETpP mpHEMHOro npeoGpasoBatens ero comnpo-
116

THBJICHHE H3MEHSIETCHA BO BPEMEHH B COOTBETCTBHH C BBIpaXke€HHEM

AR;o = AReppaye (1—e7t/7%), (49

rie ARpoyaxc — MAKCHMAJIbHOE H3MEHEHHE CONPOTHBJIEHHS Gonomerpa
B YCTaHOBHBILEMCS] PeXKHMe MPH NOJaye MOLIHOCTH CHIHANA HeNpPepPLIBHO
TeHepautH, PaBHOH NHKOBOH MOIIHOCTH; Tg — TEIOBas NOCTOSIHHAS
BpeMeHH GosoMeTpa. )

Ecin piuTenbHOCTD HMIyJIbca HAMHOTO MeHbIe TElJIOBO# MOCTOSH-
Hoil BpemeHH 60JIOMETpa, TO CONPOTHBIIEHHE GOJIOMETPA B TEYEHHE HMIYJIb-
€a H3MEHRETCS NPAKTHYECKH JIHHEHHO, T. e.

. P
' ARto = ARinmcht/’l’g‘ .. (4.5) cev

Takum o6pasomM, 6omoMeTp BezeT ceGsi B 1ab-
HOM Cilyyae Kak HJeajbBO HHTeIPHpyIoWas T
cHcreMa.

3a cyer nporexalowero yepes GoJIOMETP AUg,,
TOKa CMELIEHHS NPH BO3JEHCTBHH .HAa HEro
HMIYJIbCHOH MOLIHOCTH Ha BhIXOZE npeoGpa-
30BaTelisi 00pasyloTCst NMUJIO06PA3HLEe BHJCO-
HMIyJIbCH (pHC. 4.5). Yron BakioHa nps- -
vMoil AUR; k ocu abcumce onpepensercs :
HMNJILCHO! MOUHOCTBIO, TOKOM CMEUICHHS, py. 45, ®opma wmyabca Ha
YYBCTBHTEJILHOCTBIO H NOCTOSIHHOH BPEMEHH pxoge H BhiXOge GOJOMETPH-
Gonomerpa. ITunooGpasnbie BUIEOHMIYJIBCH ecKoro npeoGpazosareds.
NOCTYNaT Ha BXOA JH(depeHUHpYIOEro .
YCHJHTENs, Tle OHH NPeoGpasyloTCs B HMIYJIbCh NPSIMOYTOMBHON (op-
MBI, TOBTOPSIIOLIME OrHOAIOLLYI0 BBHICOKOYACTOTHOLO HMNYJIBCA. )

AmnunTyza BUACOHMYIYJIBCOB, PONOPLHOHANBHAS HMIyJIbCHOH MOIII-
HOCTH, H3MEPHETCsH NUKOBLIM BOJILTMETPOM, LUKANA KOTOPOrO NporpayH-
pOBaHa HENMOCPEJACTBEHHO B €MHHUAX HMIYJBCHOH MOLIHOCTH.

Il ucKnioueHUs] TIOTPENIHOCTH BATTMETPA 3a CYET HEHACHTHYHOCTH
GONIOMETPOB H H3MEHEHHsI TAPAMETPOB YCTPOHCTBA HEAHKALEH, B nputope
TIpe/lycMOTpeHa KanuGpOBKa, A/f YEro CAyxHT BCTPOCHHKIfi Kanubpartop,
TIPEACTABJISIONIHH COGOfi TeHEPATOP BHICOKOYACTOTHRX HMITYJILCOB € dux-
CHPOBAHHEIM 3HAYEHHEM AMILIHTYAB! U JUIHTELHOCTH. YPOBEHb MOUIHOCTH
CHTHaJla KalMGPOBKH KOHTPOJHPYETCS ¢ NOMOIIBIO HHKOBOrO BOJIbTMETpA.
BBuzly TOro, uro MOCTOSHHAS BPEMEHH HCIIONB3YeMbiX 60I0METPHYECKHX
npeoGpasoBaTe/ielt Majia, OBH YYBCTBHTENLHEL K TIEPErPy3KaM.

IlpuGopel, B OCHOBY KOTOPBIX TNOJIOXKEH HHTerpasnbHo-aH(pdepeHLH-
ANbHBIA METOJl, TIOSBOMSIIOT H3MEPSATh HMIYJBCHYIO MOUHOCTB oT 10 MBT
1o 1 Br ¢ norpetroctsio 10—15% B auanasone uactor 0,1—10 I'T.

JIOCTOHHCTBOM M€TOfia SIBJSIETCS NpsMOi OTCYeT HMITYJIbCHOH MOLL-
Boctd. K HelocTaTkaM MOXHO OTHECTH: CPaBHHTENbHO HEBHICOKYIO TOY-
Hoctb (10—15)%; Manslii quHAMHYeCKHI Auanazon 15—20 1B; noBbies-
HYIO YyBCTBHTEJIbHOCTb GOJIOMETPHYECKOTO NPeoGpas3oBaTesisi K neperpys-
KaMm.
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4.3. \3AMEPEHUE CPE,ﬂi—IEFO 3HAYEHUS MOLLIHOCTU U PACYET
MMINYNbCHOW MO U3BECTHOWM CKBAXHOCTU

Wmnysnbcyio (MHKOBYIO) MOUIHOCTE MOXKHO ONPEeJHTb, H3MEpsst
CpeliHee 3HaYeHHE MOLIHOCTH, WIHPHHY HMIYJIBCOB H YaCTOTY MOBTOPEHHS
A5 JaHHOTO MeTofla. XapaKTepHe! Bé Pa3HOBHAHOCTH CTP YKTYPHLIX CXeM
namepenuii [6].

PaccmotpuM nepByto u3 Hux (puc. 4.6, ). C noMomplo oTBeTBHTEIS
H TIOZIKJIIOYEHHO K €r0 BTOPHYHOMY MJIedy JIeTeKTOPHO# FOJOBKH BbIIPSM-
JICHHBIH CHIHAJI NOA2€TCS Ha OCLH/IOrpad /151 onpesiesieHu st I HTeIbHOCTH
H YaCcTOTHl C/IeJIOBaHUsl UMNYJIbCOB. BaTTMeTp H3mepseT cpenHee 3HayeRHe
CBY mounocTH.

Bammmemp
@—‘ D+ @— K noznowaemod

Bam
7 mMemp _ 7
Hn 11 (€8Y)
~_ [TTa MOLYHOCTIU Y
a ©T I
Puc. 4.6. CrpyKTypHEIe CXeMBl JUIf H3MEPEHHS CPeIHell MOUHOCTH H NapaMeTpoB HM-
nyJIbCOB.

Hmnynberyio MomsocTs onpefienisior o ¢opmyJie
Py = PeplFyty. 4.6)

Iorpennocts MeTofia NMPH TAaKOH CXeMe BKJIOYaeT CleAyIOLlHe CO-
CTaBJSIoLIHE:

— NOTPelHOCTb H3MEPEHHsl CPEJHEro 3HAYEHHs MOIHOCTH, ONpefe-
JISIEMYI0 KJaCCOM BaTTMETPa TMOIJIOLAeMOH MOLIHOCTH: B 3aBHCHMOCTH
OT THNa BaTTMETPA MOXKET COCTaBJATb +(4—10)%;

— MOrpeliHOCTb H3MEPEHH A1 UTHTEIbHOCTH HMIYJIbCOB; HPH OCIHJLIO-
rpaguyeckoM H3MEpHTeJe BPEMEHHBIX HHTepBasos Tuna M2-17 moxer
Jexarb B npefenax =+(1—2)%; ’ .

— TOrpeIlHOCTb H3MEPEeHHsl YacTOTH CJIENOBaHHS HMIYJbCOB, HC-
NOMb3ysi HEOPOroCTOSILIHE NPHOOPE!, H3MEPEHHE YacTOTH CJIEJOBABHS HM-
MyJbCOB MOXXHO 00€CNEYHTh € MOrpelHocTbio +-(1—2) % .

Cornacno ¢opmyse (2.15) norpemHocTs ONpeAeNeHusi HMIYJIbCHOM
MOLIHOCTH NpPH Orubaroweld HMIyJbca NPSMOYTronbHOM (GOPMBI H NOCTOSH-
HOH CKBa)KHOCTH 03 yueTa TNOrpellHOCTH pPacCOrJiacoOBaHHSI COCTABHT
+(B—11)%.

I'pannupl 1HanasoHa YacToT B KaXKIOM OTAENBHOM CJyYae onpesess-
IOTCS THIIOM BaTTMETPa NOIJIOWAEMOH MOLHOCTH. MeTos NpUMEHHM B IHa-
Na30He OT METPOBLIX 0 MUJUIUMETPOBBIX JUTHH BOJH. ITpenensr usmepenuii
TaK¥Xe ONPEAENSIOTCA THIOM NPHMEHAEMOro BaTTMETPa NOLJIOIEEMOf MoLI-
HocTH. JluBamuueckuil IHanasoH — OT JoJeH MHJUIHBATT JIO COTEH KHJO-
BaTT HMIYJbCHOH MOILLHOCTH.
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Bropas pPa3sHOBHAHOCTb CXEMbl JUIsi J@HHOrO MeTolla H3MEpeBHs
(puc. 4.6, 6) oTiinuaeTcsi TeM, YTO BaTTMETP MNONIOIAEMOH MOIHOCTH
BKJIOYEH B GOKOBoe myedo OTBeTBHTENsl. MMmynbchas MOLHOCTB majaro-
et BOJHEI B 3TOM CTy4ae OMNpejieNsieTcs Mo (opMyJie

Pu = CD/(Fm Tn* lO—K'“E/m)x (47)

rae Ky — KOS(HUMEHT Tnepejayd HanpaBieHHOro oTBeTBHTENs, AB.

TlorpelHOCTb AAHHOM Pa3HOBHIHOCTH METOJ2 H3MEPEHHS HMINYJIbC-
HOM MOLIHOCTH GOJIblle H COCTOMT H3 CJIENYIOUIHX YaCTHBRIX COCTaBJIAIO-
LHX: -

— MOTpelIHOCTH H3MEPEHHs] CPEAHETO 3HaY€HHsl MOLIHOCTH BaTTMeT-
pOM TOIJIOLIaeMOfi MOLIHOCTH;

— NOrpellIHOCTH H3MEPEeHHs JJIHTeJbHOCTH HMIYJIbCOB;

— NOTPELIHOCTH H3MEPEeHHs YacTOTH C/EIOBAaHHS HMIYJILCOB;

— NOrpElIHOCTH ONpeJleNIeHHsT KOo3(pHIHEHTa Nepe/ieyH HanpaBien-
Horo orBeTBHTE]s. IIpu H3MEpEeHHH KO3(hHUHEHTa NepeayH C NOMOLIbIO
yeranoBox J{1-3, JIK1-6 oBecneunBaercsi morpelocTs nopsiaka +(0,2—
0,3) 1B nas aHauenuit Kos(pduunenta nepenaun 1o 50—60 1B. Takum
ofpa3oM, yBeJHYeHHe NOrPelHOCTH H3MEPEHHsT OGYCIOBJICHO NPHMEHEHH-
€M HaNpaBJEHHOTO OTBETBHTEJIsSI.

PaccMaTpHBaeMBili METOJl H3MEPEHHsI NIPHMEHHM B JIHANa30He OT MeT-
POBBIX JIO ' MHJJIHMETPOBLIX JUIHH BOJH. BTopasi pasHOBHIHOCTb MeTONa
obecrneynBaer H3MepeHHe GoJiee BLICOKHX yPOBHElH MOLUHOCTH, YeM nepBasd.
Tpenens H3MEPeHHil OrPaHHYMBAIOTCS XapaKTEePHCTHKAMH BaTTMETPOB
NOrJIOAaeMOH MOIHOCTH, MOLIHOCTBIO PaccesiHHA Harpy3ku U SJEKTPH-
YeCKO}i MPOYHOCTBIO Nepefatouieii JHHHH. [TorpelHocTh oGenX pasHOBH-
HoCTeji MeToJla yBENHYHBAIOTCs, €CIH (opMa HMNYJIbCOB OTJIHYAETCs
OT TPAMOYTOJIbHOH.

K IOCTOMHCTBAM METOJa OTHOCATCS: BO3MOMKHOCTb H3MEPEHHsI BhICO-
KuX ypOBHEil HMIyJIbCHO! MOLIHOCTH M NPHMEHHMOCTb B INHPOKOM JHana-
30He yacloT. HelocTaTkaMu SIBJSIIOTCSI: OTCYTCTBHE MPSIMOFO OTCYETa;
HENPHMEHHMOCTb JUIsl C/lyYaeB NePEeMEeHHOH CKBaXHOCTH; HEOCXOLHMOCTD
TOYHO ONpEAEJIATh NapaMeTpbl HMITYJIbCOB; CPaBHHTENbHO GOnbIlOe BpeMst
H3MepeHHH.

4.4. METOAb! CPABHEHUS C_OMOPHBIM CUTHAJIOM

CymecTByeT HECKOIbKO pasHoBHAHOCTel Meroma [6]: cpaBnenue
¢ onopHbiM CBY curuanom HenpepuiBHO# reHepaiii; CPaBHEHHE C ONIOPHEIM
CBY curHaloM HENPepHBHOH TEHEpalUHy C NPOBaJIiOM Ha BpeMs JIeHCTBHS
CBUY umMnysbca (METOJ «LIeJIH»); CPaBBEHHE «BHIPE3OK» HJIM MeTOof mpo6.
Bce oBM OcHOBaHH Ba cpaBHeHHH umnysbcHoro CBUY curHana (uiH «Bbl-
pesannoi» yactd umnyJbcHoro CBUY cHryana) ¢ ONOPHEIM CHTHAJIOM.
B KayecrBe ONOPHOro COOTBETCTBEHHO npuHHMatoT CBY curhan Henpephis-
HOil TeHepalyH, CHI'HaJl HENpepLBHOi TeHEePallHH C «1POBaJIoM» Ha BpeMs
neiicreus CBU umnysbca wiH «BoipesanHyio» yactb CBY curpana menpe-
PHIBHOi F€HEpalHH, PaBHYIO NO JJIHTEJNbHOCTH <BLIPE3AHHOH» 4acTH HM-
MYJILCHOTO CHrHaNa.
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CpaBHeHHe TPOH3BONMTCS C NIOMOLIBIO NETEKTOPHOH TONOBKH H Ha-
6mionaercs ga ocuustorpace. Ilpu sToM uactoTh Hecywed CBU HMITYJIbC-
HOTO CHIHaJla ¥ CHTHA/a HeNPEphIBHOMH reHepanyy JOMKHE GHTL PaBHEI,
tmzﬁm TapaHTHPOBANIOCh TOCTOSIHCTBO KO(pHIHENTa Nepeslayt LeTeKTop-
HOH TOJIOBKH NPH TpHeMe 0GOHX CHIHAJIOB.

4.4.1. Meio.q CPaBHeHMs ¢ onopHuiM CBY curHBnom HenpepuniBHOM reHepaL i

HHorna B JuTepaType STOT METOX HA3HIBAIOT METOJIOM TPSIMOTO H3Me-
PeHHsT HMINY/IbCHOH MOLIHOCTH, XOTs1, KaK GyJNeT NOKa3aHo, MpAMOH OTCYeT
MMITYJTECHOH MOIHOCTH HeBO3MOXeH. CYIHOCTb MeTO/la NOSICHSIETCS CTPYK-
TYPHO#i CXeMOH, NpHBeJieHHOR Ha pHc. 4.7.
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Puc. 4.7. CTpykTypHas cxeMa yCTPONCTBA JJIsl M3MEPEHHS HMIYJBCHON MOLIHOCTH Me-
TOJIOM CpaBHEHHsl ¢ ofopHbiM curHanom HIT Ges «nposanas.
.

Ha Bxon netekTopHOH rosioBKH OCLH/LTIOTpauecKoro HHAHKATOpa
MOJIaeTCsl 100Y€PEIHO MOIHOCTb OT MCTOYHHKA MMITYJIBCHOH MOIHOCTH M
CBHY renepatopa, paGotatouero B pexxume HI. Tlpu sTOM perytupoBKoii
BLIXOZHOH MolnHocTH renepatopa HIT ycraHaBsuBaioT paBeHCTBO cHrHa-
JoB Ha ocummorpage. Ilocie 3TOro H3MepsilOT MOIIHOCTL CHrHajga HI
Ha BhIXOJI€ Pa3Bs3LIBAIOIIETO aTTEHIoAaTopa.

MotHocTb Ha BhIXOJlE HCTOYHHMKA PaCCYMTHIBAIOT MO ¢opmyse

. Py=PJKup “.8)
rae Py — MowHocrs curdana HI, uaMepennas BaTTMeTpowm;
Kncp = Pz/Pnan (4.9)

— KO3(QHUHEHT Tepellayd HanpaBJeHHOTO OTBeTBHTeas; P, — wmol-
HOCTb, OTBETBJIsIEMasi BO BTOPHYHBIH KaHa/l HamnpaB/€HHOTO OTBETBHTE/IS;
Pyay — Tajaiomast MOIHOCTD Ha BLIXOJE OCHOBHOTO KaHa/ja HANpaBJeH-
HOTO OTBETBHTEJS.

TorpeliHOCTE METOZA COCTOHMT H3 CJERYIOWHX COCTABJSIOUIHX:

— NOTPEIIHOCTH H3MepeHHs1 MoiHocTH curHaisa HIT B saBucuMoctn
OT THIIAa BaTTMETPa MOXeT OHTL paBHa +-(4—6)%;
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-— MOTPEINHOCTH CPaBHEHHst YPOBHS TOCTOSIHHOH COCTaBJIsioLieH
npoeTekTHpoBanHoro cirHana HI' ¢ aMmiuTyniolf AMOYJIbCHOTO CHTHa/la
no ocuuanorpady, Kotopas He npesbiaer +(1,0—1,5)%;

— MOrPELIHOCTH OfpeJie/ieNHsl Ko3hHIHEHTa Nepeladdl HanpaB/ieH-
HOTO OTBETBHTE/S; NPH H3MEPEHHH KO3(dHIMEHTa Nepeliayd ¢ NOMOIILIO
yeranopok JI1-3, JIK1-6 obecrieunBaetcst nOTpelHOCT b nopsinka +(4—7) %
s 3HavenHil KosdxpuumeHTa nepenaun 1o 50—60 nb;

— MOTPELIHOCTH, OGYCJOBJIEHHOH TNEpecTHKOBKOH COEIHMHHTENbHBIX
pasbeMoB (HJIH TIOTPELIHOCTb 32 CUeT nepeK.iouatess) — okoro 1%.

TakuM 06pasoM, MOrpelHOCTh MeTosla 6e3 yyeTa MOTPEIHOCTH pac-
corsiacoBanusi coctaBut =+ (5—8)%.

MeTol IPHMEHHM B lHaNa30He OT METPOBHIX JI0 MHJ/UTUMETPOBRIX JUIHH
BOJIH. JluHaMHYeCKHH JHanasoH — OT €JHHHI[ MHJJIHBATT JIO COTEH KHJIO-
Ba1T. JIOCTOMHCTBA METOJ@ COCTOSIT B CPABHHTEJbHO BHICOKOH TOUHOCTH
H3MepeHHs] M NPHMEHHMOCTH NpH JIoOkIX cKBaxknocTsX. Ero nenocrarku:
OTCYTCTBHME MNpPSIMOTO OTCYETa H HEOOXOJHMOCTL TIPHMEHEHHS! CrienHalb-
HBIX MpHOOPOB. .

4.4.2. Merop «yenm»

CyuHOCTE METOlla 3aKJIIOYaeTcsi B CaelyloleM. AMIVIHTYRy ocia6-
JenHoro ummnysbcHoro CBY curnana cpaBHHBAIOT € aMILIMTYJ0# CHTHa/Ia
or crpoBupoBanHoro reweparopa CBUY wMowmocTn mno ocumiutorpady
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Puc. 4.8. CTpyKTypHasi cxeMa 'YCTPOHCTBA JIJIsl M3MEPEHHS] HMNYJNbCHOH MOIIHOCTH Me-
TOJIOM <ILIENH»..

(puc. 4.8). Moiunocts curnana HI', npepriBaeMoro Ha BpeMst nieficTBHSA pa-
NHOUMITYJ/1bCA, H3MEPSIOT BATTMETPOM TOTVIOIIAEMOH MOLIHOCTH.
— WMy IbCHYIO MOIHOCTB PacCYHTHIBAIOT 10 GopMy e

Py = P'y/Kpeps (4-10)
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re P’y — mowrocTs curuana HI (¢ enpoBanom»), uamepeHHast BaTTMeT-
POM TiOIIOLIaeMOH MOIHOCTH; Kypp — KO3MHIEEHT nepeflaun Hanpas-
JIeHHoro oTBeTBHTeNs 1.

CxeMoii ynpaBisieT TIeHepaTop BHICOUMNYJBCOB. OJHOBpPEMeHHO
C CHHXPOHMMIY/JIbCOM, 3aNyCKaloWHM HCTOYHHK MMIYJBCHOH MOIHOCTH,
fI0/12€TCs1 3aNHPAIoWKi HMITYJIbC, CphBalolii Konebanusi CBU renepa-
Topa HI. Tlo okonyanuu cunxpoumnyisca CBU renepatop HIT Bosspaina-
€TCSl B PEXHM HENpepHBHOi reHepauuu. Uepes HanpaBJieHHLE OTBETBH-
tenu 111, 11, I cHTHAMBL OT HCTOYHHKA MMIYJILCHOH MoHOcTH H CBY rene-
paTopa NOCTYNAaKT Ha JETEKTOPHYIO roMoBKy ocumiitorpada. Ha puc. 4.8
NoKasaHa MNpHMEpHasi OCUM/IOTpaMMa IPOJNETeKTHPOBAHHONO CHrHana,
TIOCTYNAIOLIETO Ha BXOA ocumutorpada. IokasaHust BaTTMeTpa morJoinae-
MOl MOWIHOCTH (HKCHPYIOTCSI B MOMEHT, KOTJia aMIUTMTYILI CHTHAJIOB
or CBY reHepaTopa M OT HCTOMHHKA HMIYJIBCHOH MOIIHOCTH CTAaHOBSITCSI
paBHEIMM (BHpaBHHBaHHE OCYIIECTBJIAIOT H3MEHSs YPOBEHb BHLIXOIHOM
motHoctH CBY rewepatopa HI).

TlprBeneHHEIfi METON MPHMEHSIOT B T€X CIyuasiX, KOTJa CKBaXHOCThb
HMITyJIbCOB JIOCTaTOYHO BesiuKa M cpuiB CBY renepatopa HIT Ha Bpems
JIeCTBHS] MMITY/IbCA MaJIO CKA3bIBAETCS] HAa BEJTHYMHE CPeJHEeHi MOLIHOCTH.
B orsinume oT cxeMul, NpHBENeHHOH Ha pHC. 4.7, B JaHHOM CJTyyae He Tpe-
Gyercsi neperiouenusi Kananos CBU.

CocraBaisTionHe NOTPEIHOCTH METOa Te e, UTO M JUIS MEeToJla CpaB-
HEHHs1 C ONOPHLIM YPOBHEM CHIHaJ/1a HenpeprIBHO# reepauuy Ge3 npopaina,
3a MCKJIIoyeHHeM norpemHoctd CBUY nepekiiouatesis.

Meron npumMenHM B IHana3oHe OT METPOBRIX 0 MHJUTHMETPOBEIX IUIHH
BosH. [luHaMuyecKu#i InanasoH — OT eAHHHI MHJUIHBATT JIO COTEH KMJIO-
BatT. JIOCTOHHCTBO MeTONla — CPaBHHTEJNBHO BHICOKAS TOUHOCTb H3Mepe-
uuii. HepoctaTku — OTCyTCTBHE HpsIMOTO OTCYETa; FPOMO3IKOCTL H HEOG-
XOJIUMOCTD MCTIONb30BaHHs CJIOKHOR annaparypel.

4.4.3. Metop npo6

JTOT METOJl OTJIHYAETCS OT NPENBINYIUMX METONOB CPaBHEHHS TeM, UYTO
no3posisiet uccienoBaTs CBY UMNynbCHRIR CHIHAJ B JII000# YacTH €ro JyTH-
TesibHocTH. HauGosplasi norpeitHocTe Merofla He mnpeeinaer 3—5%.
Mertox rpoMoszikuii B TpeGyeT CrienHaabHOl annaparyphl.

4.5. METOJl, OCHOBAHHbI1 HA U3MEHEHUU COTMPOTUBJIEHUSA
NMONYNPOBOAHUKOBLIX 3NEMEHTOB MO AEACTBUMEM CBY MONA

HgBecTHo, uTO B MONYNPOBONHHKAX B OTCYTCTBHE 3/1€KTPUUECKOrO

TOJISI 3JEKTPOHH H JIEIPKHM COBEPLIAIOT XaoTHuecKoe JBHkeHue. Craiku-
BafCh C KPHCTA/JHYECKOA PELIETKOH, 3MEKTPOHBI H JILIPKH H3MEHSIIOT
He TOJBKO HampaBJIeHHE CBOETO JIBHKEHHSI, HO H CKOPOCTb.
Hawenenue ckopoctH 06yc/OBIHBaeTCs H3MEHEHHEM SHEPTHH, KOTopas
B ONHOM CJy4Yae OTAAeTCs pelleTKe, a B JPYrOM CJydYae BOCTIPHHHMAETCS
ot Hee. OJIHAKO CPEJIHSIT CKOPOCTH 3/IEKTPOHOB COXPAHSETCS HEH3MEHHOH,
€C/IH TeMNepaTypHLle YCJIOBHS, B KOTOPHIX HaXONMTCH MNOJYNPOBOJHHK,
HEH3MEHHEL.
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pameHHeM:

TMo-unomy 06CTOHT Z€s10, €CIH IOMECTHTH TI0JYTIPOBONHUK B 3MEKTPH-
qeckoe noste [9]. B 3ToM ciiyyae Ha X20THUECKYIO TPAEKTOPHIO NBHKEHHS
SJ€KTPOHOB OyJeT HaKJajBBaThCsl COCTAaBJISIOMAs yNOPSNOYEHHOrO IBH-
JEHHS ¥ HOJBHKHOCTb 3JEKTPOHOB OyJeT OrpeseAThCs CAENYIOUHM BhI-

u = (e/my) [U(vy + vy, 4.11)

rJie € — 3apsif 3JIeKTpOHa; Mg, — MacCa 3JEKTPOHA; 1 — JuMHa EBOGO,I(-
HOro mpoGera; v, — TEMJIOBasi CKOPOCTb 3JIEKTPOHOB; Uy ~— ApefidoBasi
CKOPOCTb 3JIEKTPOHOB.

M3 Bripaxenus (4.11) BHAHO, YTO MOJBHKHOCTH CYLIECTBEHHO H3Me-
HAETCS, €M JipeiioBasi COCTaBJSIONAsi CKOPOCTH Uy CTAHOBHTCHA CpaBHH-
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Puc. 4.9. Cxema yCTpOHCTBA JUISt H3MEPEHHSI HMITYJIbCHOH MOITHOCTH C HCMOJIb30BaHHEM
TIOJTYIPOBOTHHKOBBIX 3JIEMEHTOB.

MO C TenJioBofi CKOpOCTEIO. ITPOHCXONHT 3TO B CHJBLHBIX 3JEKTPHYECKHX
noAsix. DNEKTPHUECKOE MOJE, BO3NEHCTBYS Ha 3JEKTPOHH MPOBOXHMOCTH
B NOJIYNPOBOJHHKAX, YBEJHYHBAET HX KHHETHUECKYIO sHepruio. [Ipy sToM )
HanpaBJeHHOE NEHCTBHE MO/S1 He NPHBOJHT K YNOPS/IOYEHHOMY JIBHIKEHHIO
3/1EKTPOHOB. JIEKTPOHHI, COYNApAsCh € TaK HA3LIBAEMBIMH «ueHTpaMH)
paccesiHusi», H3MEHSIIOT HANpaBJIeHHE CBOETO JBHIKEHHS NPAKTHYECKH
6e3 ymeHbIUeHHs] pHOGpeTeHHOH CKOpocTH. TakuM o6pasoM, mpH Hano-'))
KEHHH 3JIEKTPHUECKOTO TOJNS YBEJIHYHBAETCS] CPEIHSAST XaOTHYECKas CKO-
POCTb 3/IEKTPOHOB, YTO SKBHBAJEHTHO MOBBILEHHMIO MX TEMIEPaTyphl OT-
HOCHTE/IbHO TEMNEPATYPhl PEILETKH. -

OnuncaHHoe SIBJEHHE HA3LBAIOT Pa3OTPeBOM 3/M€KTpOHOB. Pesynbra-
TOM pa3’orpeBa 3JEKTPOHOB SBJISETCS YMEHBIIEHHe HX TOABHXKHOCTH,
a 3HayYMT, ¥ NPOBOJIMMOCTH. - )

CxeMa ycTpoHCTBa 1151 H3MEPEHHS HMITY,TECHO!H MOLHOCTH, B KOTOPOH
HCIOTb3YETCS ABJIEHHE Pa3orpeBa 3eKTpoHOB mop jefictueM CBY nons, ~
MOMeT HMeThb BHJl, NOKa3aHHKIH Ha pHC. 4.9. YMeHbLIEHHE MOJBHKHOCTH |
3JIEKTPOHOB B TOJYNPOBOIHHKOBOM 3JIEMEHTE, BKJIIOYEHHOM B LENb To- | )
CTOSIHHOrO TOKd, NMpH moctymnennd uMnyibca CBU npuBomut X o6paso- | .
BaHHIO BHJICOHMIYJIbCA Ha TMOJYTPOBOJHHKOBOM 3JIEMEHTe. AMIIHTYRY
BHJICOHMIYJIbCa; MPONOPIHOHAIBHYIO HMIYJILCHOH MOIHOCTH, H3MepsieT
NHKOBHI{i BOJBLTMETpP, OTKAMHOPOBaHHLIE B €IHHHLAX MOLIHOCTH. .

JlocToHHCTBa METOJila — TMPOCTOTa KOHCTPYKIHH; Masasi HHEpPIHOH-
HOCTB, nopsijika 10~*—107'2 ¢; NpHroJHOCTh A5 H3MEPEHHS NPOXONsLLedt )
HMIYJILCHONH MOLIHOCTH. !
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Henocratkamu meTona siBISIOTCA CeyIOLIHE:

— Masiasi YyBCTBHTEJNBHOCTb, CONpPOTHBJIEHHE I10JyNIPOBOIHHKOBOTO
3JIeMEHTa 3aMeTHO H3MeHsieTcsi npH HanpsikeHHoctH CBY nosst Gosee
1000 B/cwm; . .

— Maislil nuHaMuyeckuii nuanason (10—15 1B) B MHHeHHOM yuacTke
XapakTepHCTHKH; HHxHHH npenen 1—b5 KBT; Bepxwuii npenen orpanu-
YHBAETCS] HArpeBOM M0J1yNPOBOAHHKOBOIO 3JIEMEHTA TOIVIOIAEMOfl B HEM

{ MOLIHOCTbI0;

— HePaBHOMEPHOCTb YaCTOTHOH XapakKTepHCTIIKH; .

— 3HaYHTeJbHasi TEMNepaTypHasi 3aBHCHMOCTb;

~— 3aBHCHMOCTL pE3Y/IbTaTOB H3MepeHHI OT KosdbHumeHTa orpa-
JKEHHS HarpysKH;

— HeoOxonumocTe KanuGposkn Ha CBU no o6pasuoBoMy npu6opy;

{( ~— HaJHYHe MElIAoWHX 3(P(EKTOB, TAaKHX, KaK 3. I..c. Xoana, Tep-
A Mo-3. A. €. H Jp. i :
IlepeuncrieHHble HENOCTAaTKH METOLA 3aTPYAHAIOT €r0 pPeatH3alHIo.

4.6. METOZ, OCHOBAHHbBI HA MCMNONb3OBAHUM IDMDEKTA
OBPA3OBAHUSA TEPMO-3. A. C. «fOPAYMNX» HOCUTENEA TOKA
B NMONyrnPOBOJHUKOBLIX 3JIEMEHTAX MNOJ, AEHACTBUMEM CBY Nons

Kak yxe ykaspiBaJoCh, B TOJYNPOBOJHHKOBHIX 3JIEMEHTaX, MOMe-
HEHHEIX B CHJIBHOE 3JEKTPHUYCKOE noje (NopsilKa HECKONbKHX KB/cwm),
3aMETHO Pa30TPEBalOTCs HOCHTENH TOKa NO BceMy OGBEMY MNOJYNpOBOJ-
HMKa, B pe3y/bTaTe 4YEro H3MEHSeTCS NPOBONHMOCTH 3JIEMEHTAa, H 3TOT
3(peT MOxeT ObITh HCTONB30BaH JUI H3MEPEHHS GOJIBIUMX HMITYJILCHBIX
MOIIHOCTeH. . . R *

Ec/iH HCnosb3oBaTh NOJYNPOBONHHKOBBIEI 3/MEMEHT € TOYEUHBLIM He-
BBINPSIMJISTIOIINM KOHTAKTOM, TO NPH NOMEIEHHH €ro B CHJLHOE 3/IEKTPH-
YecKoe Mojie NPOH3OHJET HEOJHOPOHEIH pa3orpeB HOCHTE/IEH B 06/1aCTH
Toueynoro kontakta [11]. Benencteue sToro Ha noteHuHanbHoM Gapbepe
B nepexosie MeTa/ll — MOJYNPOBOIHHK 00pa3yercst 3. ;. €., KOTOPYIO yc-
JIOBHO Ha3bIBalOT TePMO-3. J. C. «TOPSIYHX» HOCHTeJIEH.

OneMeHT OOBIYHO H3TOTABJHBAIOT H3 TePMAHHS p-NPOBOIHMOCTH.
B kauecTBe TOYEYHOTrO HEBBLINPSIMASIOWIETO KOHTAKTA HCHONB3YIOT PE3KHil
p—p*-nepexo) aHTH3aMOPHOTO THHA, THE CHJILHO JETHPOBaHHAsI 06J1acTh
pt ABAsieTCst BHIPOXKJEHHOM HIH GIH3Ka K Hefl.

HccnenoBanust nmokasanu, 4To TepMo-3. Jl. C. «TOPSIYHX» HOCHTeNIe,
BO3HHKAIOLlasi B oOmnpelesJeHHOM HHTepBajse yposHeii CBY mommocTw,
NpsMO TpPOMNOPLMOHANbHA MOLIHOCTH, TOIJIOIWIEHHOH B CaMOM 3JIEMEHTe,
a CJe0BaTeNbHO, H MOILIHOCTH B JIHHHH Tiepelaun. KosdpdHuueHT npeo6-
PasoBaHHs MOJYNPOBOJHHKOBOTO 3JIEMEHTA 3aBHCHT OT YAETBLHOTO CONpo-
THBJIEHHsS] MaTepHaja NoJYNpOBOJHHKA, Pa3MepoB TOUEYHOTO KOHTAKTZ,
ero GopMH, BHICOTH TNOTeHUHANBHOTO 6apbepa B KOHTAKTe H HEKOTOPHIX
-JIPYTHX KOHCTaHT:

¢

Kops=

Urs.n. c. _ _XTpen ¥

3nord

(4.12)

Prora
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rne ¥, — 3(pdeKTHBHAs BbiCOTa nOTEHUHAJILHOTO 6aphepa Ha KOHTaKTe
METa/L1—TONyIPOBOJHHK; 0 — ylejbHas 3/MEKTPHYECKash NPOBOIHMOCTE
MaTepHaja NOJYNPOBOIHHKA; r — pajiuyC MNoJychepHYECKOTO KOHTAKTa;
Tpes — BPEMS PEJIAKCAlMH 3HEPTHH HOCHTEJIEH TOKa; 4 — TOJBHXHOCTD
HOCHTe/Iell TOKa. .

. 3aBHCHMOCTb MEXJY HaNPSKEHHOCTHIO MOJSI H MOIHOCTBIO, TOI/IO-
WAEMOf TIOYNPOBOHHKOBBIM 3JEMEHTOM, MOMHO TpEACTaBHTL B BHIE

E? = P,./2n%. (4.13)

Tpu Pyop; =3 - 1076 Br, 0 = 5 OM~ '™, r = 2 - 10-¢ M nanpsixkeH-
Hocth E = 10° B/M unu 10° B/om.

TIlpuBeNeHHEI pacyeT TMOKa3hLIBa€T, 4TO GarOfapsi MajhLM pasMepaM
no/1yCpepHYECKOro KOHTAKTa M10/1yNPOBOJHHKOBOTO 3/€MEHTa 06eCneyH-
BAETCs1 BHICOKAs] KOHUEHTPAUHS 3JEKTPHYECKOrO MOJ/Isi PH OTHOCHTEJILHO
MaJlOH BE/IHYMHE MOTJIONAEMOH B HEM MOL(HOCTH. ITO NOATBEPKIaeT BO3-
MOXHOCTb HCTO/b30BaHHS S(pdeKTa [ H3MEPEHHs] MOIIHOCTH MaJbiX
yposHeii. IIpaktuuecku nojyuen KostdHUHEHT npeoGpasoBaHHs moy-
NPOBOJIHHKOBHX 3/€MeHTOB 5—6 MKB/MKBT, uTo 3nauutensno Gosbre,
4eM ISt OOBIYHBIX TIIEHOYHBEIX BHICOKOYACTOTHBIX TepMonap.

TlockonbKy BpeMsi peslakCauHH HOCHTe/ell TOKa OueHb Majio, 3ddeKT
06pa3oBaHHs TEPMO-3. Jl. C. «TOPSIYHX» HOCHTENEH MOKHO HCIO/Ib30BaTh
LIl M3MEPEHHSs! HMITY/IbCHOH (HKOoBOH) MowmHocTH. Tpu sTom dopma Bu-
JICOCHTHa/la Ha BRIBOJaX 3jeMeHTa Oy/eT aHa/OrHYHa (POpMe orubaromei
CBY umnyabca. [IMHTENTLHOCTL HMITYJIBCOB H3MEPSEMOrO CHTHAA OTpa-
HHYHBAETCS CONPOTHBIEHHEM PacTeKaHHs H Napa3HTHLIMH €MKOCTSIMH 3Jie-
MeHTa. IIpakTuueCKH METON MPHMEHHM JUIst H3MEPEeHHs] HMIYJIbCHOH (TH-
KOBOH) MOIIHOCTH MpH JUIHTE/IBLHOCTSIX HMIY/IbCoB cBbie 0,05—0,1 Mkc.

OCHOBHHMH y3/1aMH BaTTMeTpa, HCTOJb3YIOUET0 ONHCAHHEI s(eKT,
SIBJISIETCS] IPHEMHBIH TIpeobpa3oBaTesb € TI0TYNPOBOHHKOBBIM 3J€MEHTOM
H U3MEPHTE/bHEIH 60K € OTCUETHBIM YCTPOHCTBOM. IIpH H3MEpeHHH Moli-
HOCTH CHTHAJOB HENPEPLIBHOH TeHepalH B KayecTBe H3MEPHTENBHOIO
G6/10Ka HCTIONB3YIOT YCHIHTEMb TIOCTOSIHHOTO TOKA, a NPH H3MEPEHHH HM-
NY/ILCHOH MOLIHOCTH — NHKOBBIi MH/THBOJLTMETD.

PaccmatpuBasi noJrynpoBOIHHKOBLIH IEMEHT C TOMKH 3PEHHSI COOT-
BETCTBUSI €T0 HMIE/laHCa XapPAKTEPHCTHHECKOMY COMNPOTHBIEHHIO JHHHH
nepejiayd B JiHanasOHe YacCTOT, MOXKHO MPHATH K CJAENYIOWEMY BEIBOLLY.
H3-3a 60/bLIONO 3HAUEHHs1 AKTHBHON COCTABJISIOWEN (Gonee 3 xOM) 3ne-
MEHT TPYAHO COIJIaCOBaTh B NIHaNasOHe YacTOT H NPHMEHATH €r0 B KauecT-
Be OKOHEYHOIl HarpyskH mojoGHo TepMucTopy, Godomerpy, CBU Tepmo-
nape. IlpakTHuecKH MeTON NPHMEHSIIOT JIsi H3MEPEHHS NPOXONSWEH Moml-
HoctH. Eciu npueMibifi npeoGpasoBaTteib HCNOMbL30BATH B COYETAHHH C CO-
TJIaCOBaHHOH Harpyskoi, BO3MOXXHO H3MEpEHHE NOTJIOUAaeMOH MOIHOCTH.

I'paHuUEl [WHAMHYECKOrO JHanasoHa npeoGpasoBaTeseli H3yueHhl

—

HepoctatouHo. Hmerorcs JaHHBI€, YTO NPH MOIIHOCTH B BOJHOBOJHOM l

TpakTe cBpie 1 MBT 3aBHCHMOCTbL BEJHUHMHEI TEpMO-3. L. C. OT YPOBHsI
MOLIIHOCTH HEJIHHefHasl. -
TpuBenenHsie TeopeTHYeCKHe COOTHOLIEHHS TOMBLKO MNPHGIHIKEHHO
OUEHHBAIOT CBSI3b MeXJ]y HanpsiKeHHEM Ha BXolle npeobpasoBaTe]sl H
BEJTHUHHOH IOrJIOLIEHHOH Npeobpa3oBateneM MowHOCTH. ITostomy npuGop
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HYHO 06s3aTeIbHO KalHGpOBaTh Mo o0pasLoBoMy BarTMerpy. ITorper-
(HOCTb MeToJla M3MEpPEHHH, OmpeJiensemMasi B OCHOBHOM IOTPELIHOCTLIO Me-
TONMKH KanMOGPOBKH, cocTaBisieT mopsinka ==(10—30)%.

JIOCTOMHCTBAMH METOJa SIBJISIIOTCS IPHMEHHMOCTb JUISl M3MEPEHHSsI
KaK MMOYJIbCHOf MOILHOCTH, TaK H MOLIHOCTH CHTH2JIOB HEMpephBHOM
TeHepalHH, KaiuGpOBKa BO3MOXHA CHTHAJIOM HENpEpPLIBHOH IeHepaLyH.

K €ro HeNOCTaTKaM MOXHO OTHECTH: MaJbifi JIHHAMHUECKHH Huama-
308 — nopsiika 10—20 nB; Gosbuiyio TemneparypHyIo 3aBHCHMOCTE —
nopsi/IKa HECKOJILKHX rpouentoB Ha 10° C (kospduuuenT npeobpasoBaHHs

\ 3HAUHTENLHO H3MEHsSeTCs NpH pa6ouMx TeMmmepatypax, cBuile 50° C);
HeoGXOHMOCTE KanuGpoBKH 110 06pa3nosoMy npubopy.

HecMoTpst Ha 3TH HeJIOCTAaTKH, METOJl NEPCTEKTHBEH, ApeHoBrie Xa-
PAKTEPHCTHKH BaTTMETpa 3HAUHTENbHO JyYIUE, YeM Y JIIOGOTO TepMHCTOp-
HOro BatrTMeTpa. HecoMHEHHO, 4TO NpH PacClIMPEHHH JHHAMHYECKOTo na-
1a30Ha TIOJYNPOBOAHHKOBHIX NpeoGpasoBaTesiel METOA HailleT LIMPOKOe
TIpHMEHeHHe, OCOGEHHO JUIsl H3MEPEHHS! MaJbiX HMIyJIBCHBIX MOLIHOCTEH.

4.7. NPUMEHEHUE EPPOMATHUTHBLIX MNEHOK

OnHHM H3 HOBHIX fIBJISIETCSI METOJ| H3MEPEHH s HMITYJILCHOH MOIIHOCTH,
R OCHOBY KOTOPOTO MOJIOXKEHO HCMOJL30BAHHE a/]bBAHOMATHHUTHBIX SIB-
JieHHi — aHoMaibHOro sdperta Xo/a H SIBJEHHS MarHHTOCONPOTHBIE-
HHA B (eppoMarHuTHHX IVeHKax (PMII) B obnactd -eppOMarHHTHOrO
pesonanca [15]. CymHoCTb SBIEHHE COCTOMT B TOM, YTO MPH HAJIOXKEHHH
BHEILHET0 MalHHTHOTO TOJISi HAa Pa3MarHHYEHHYI0 H30TPONHO NMPOBOASALLYIO
MATHHTHYIO TJIEHKY B TOC/TEJHeH BO3HHKAaeT aHH3OTDONHS CONPOTHB-
JIEHHSI, 3JEMEHTH TEH30pa YIEeJIbHOTO CONpOTHBJEHHS KOTOPOH 3aBHCAT
OT BeJHYMHB H HanpaBJeHHOCTH HaMarHHYEHHOCTH IJIEHKH — SIBJEHHE
MarnuToconporusienHas [16]. .
- Tlpu HaAuYHH B INIEHKE NEPBHYHOTO 3MEKTPHYECKOTO TOKA B HEil Bo3-
HHKaeT 3JeKTPHUECKOe mojie, HamnpaB/eHHe KOTOpOTO MEPNEHIHKYJISIPHO
“TOKY, a TAKiKe HaMarHWYEHHOCTH — aHOMalbHbH sddekr Xomna [17].
Ec/iH Hapsily C TOCTOSIHHBIM TIOJEM Ha NJIEHKY BO3JEHCTBOBAThH JIEKTPO-
MarauTHEIM noseM CBU, To B mueHke Oyner BosGyxaatscs: CBU 7ok,
a BeKTOp HaMarHHUEHHOCTH GyJIeT NpeneccCHpOBaTh BOKPYT CBOETO MOJIOKe-
HUs DaBHOBECHS, MOLYJHDYH YHEIbHOE COMpOTHBJEHHe MMeHKH. [iy-
6uHa MOAYJISIHH 3aBHCHT OT MATHHTHBLIX H SJEKTPHUECKHX CBOHCTB IIEH-
KH, @ TaKe OT BEJHYHHE IOCTOSHHOIO M NEPEMEHHOTO MAarHHTHEIX MOJeH.
Takum 06pa3oM, (eppOMarHHTHas! TIEHKAa CTAaHOBHTCS HapaMeTPHYECKHM

€TeKTOpOM. BHICTpOJielicTBrE NapaMeTpHUECKOro HETeKTopa Ha OCHOBe
OMIT onpefiensieTcss B OCHOBHOM BpeMeHeM CIHH-DELIETONHOH peJlakca-
uun, Kotopas B OMIT nMeer BeanunHsl nopsaka 10-8—107% c.

TMpu cosfaHuH OKOHeuHbX BartMerpoB OMIT pacnonaraior Tak,
ytoGpl 8 Hell Morsomanack Besi MowHocts CBY. Tlpn u3aMepenud npoxo-
ISed MOIIHOCTH IVIEHKY pacnoiaraloT Tak, YyroOel OHa He Hapyliana
CTPYKTYPY NOJsi B BOJHOBOJIE H C/1a60 B3aHMOJEHCTBOBAMA C TOJIEM CBY.
B 5T0M cilyuae MOXHO H3MepsiTh GOJIBLIHE YPOBHH NpPOXOAsUIEl MOLIL-
HoCTH. Pealln30BaHbl KoakCHalbHbie npeoGpa3opatenu Ha Gase PMII ¢ Ko-
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sprLmenHTOM npeobpasopanus 1,2 MB/Bt B fuanasone vactor 2—4 I'T'y )
npH JonycTHMoii cpenueli Morocta 200 MBT [15].

K npeumymectBaM npeoGpasopateseii Ha ocHoBe OMIT no cpaBHeHHIO
C NMOJTyTIPOBOAHHKOBLIMH 3JIEMEHTAMH OTHOCHTCS OTCYTCTBHE BBHINPSIMJISIIO-
LIHX KOHTAKTOB H TeXHOJOTHYHOCTb M3TOTOBJIEHHS. {

4 B. MHTETPAJIbHBLIF METOA

B orimnune oT MeTola MHKOBOTO [IETEKTOPA, NPH KOTOPOM H3MepseTcs
BeJIMYMHA, GJH3Kas K aMILIMTYJEe HMNYJbCOB, HHTETPA/NbHEI METOR OC-
HOBaH Ha HeJHMHEe{HOM Npeo6pasoBaHHH 3THX HMIYJbCOB C MOMOLIBIO He-
CKOMIBKHX HEJHHEHHBIX npeobGpasoBaTeseit
(pacwinpHTenell HMNYJbCOB), HMEIOUHX pas-
JIHYHBI XapaKTep HeJqHHeHHocTH. Biaronaps
3TOMy MO BeJHYHHAM CHTHAJOB C HX BBIXO-
JIOB MOXKHO ONpENEeNATh HMNYJIBCHYIO MOIL-
HOCTb, JUTHTEJIBHOCTb, KO3(PdHLHMEHT (OpMEL
HMITy/1bCa. “OCHOBHHMH 3/€MEeHTaMH Tpeo6- Puc. 4.10. Ynpomensan
pasoBartesieil SIBJASIOTCA IHOJB, B TOM YHCJE CxeMa pacTiHpuTENs MM-
H KpHcTa/uinueckue. Ilpeo6pasoBanne HM- Iy AbCOB.
MYJLCOB ¢ MOMOLIBIO paCLIHpHTe1eH HMITY/b-

COB SIBJISIETCSI HHTErpaJbHBIM IPOLECCOM, MO3TOMY H METOJ H3MEPEHHs!
Ha3BaH uHTerpanbHuM [2,18—22].

HurerpasbHeiii MeTon TpeGyeT NMpHMEHEHHS! CYETHHIX YCTPOHCTB, pe-
ILAMOLHX CHCTEMY YpaBHEHHH, € NMOMOIIBIO KOTOPHIX OMHCHLIBAKOTCS PacCIld-
pPEHHEIE HMNYJBCH Ha BHIXOJaX npeoGpasoBare.ieii- JIOCTaTOYHO MpPOCTHE
pelualoiye yCTpoHcTBa MOTYT ObITh BBIMOJHEHBI JHIUL 0PH JBYX-TPEX
paciuHpuTesnsX uMnyascoB. He npupons feTaqpHOrO aHa/in3a, MOXKHO OT-
MEeTHTBb, YTO 3TOT METOJ MOXeT ObITh HCNO/ML30BaH NPEHMYINECTBEHHO
NpH MajblX aMIJMTYlaX H3MepsieMbX HMITYJIbCOB (TOJBKO NMPH MAJIbIX aM-
MJINTYJaX H B CPaBHATEJLHO Y3KOM JHHAMHYECKOM JIHana3oHe COXpaHsier-
Csl HEH3MEHHLIM XapakTep HEJIHHEHHOCTH XapaKTEPHCTHKH npeobpaso-
BaTe/sl, HAMPUMEpP 3KCMIOHEHIHAThHEIH) H GO/BIIOH CKBaXKHOCTH.

PaccMOTpHM NPHHUHT H3MEPEHMs1 HMITYIbCHOH MOILHOCTH Ha MpHMepe
HCTO/Ib30BaHHA JBYX npeobpasoBateseii HMITY/IbCOB.

Iycte Ha BXon pacuuupurenst (puc. 4.10) nofaHo HanpsiKeHHe

=0~
Ul)y= {0 npu £ < 0,
Up,sinot npu £ >0.

(4.14)

JuddepeHupanbHoe ypaBHEHHE, ONHCHLIBalOLEe NMPOLECCH B TaKOM pac-
LIHpuTeIe, HMEET BH]L

_ _ Wew , Yew
F[U ()—DUc]=C [—‘,,—~+—RC—] (4.15)

Ecau npenno/sox#Th, 4TO HanpsXKEHHE Ha €eMKOCTH Harpy3KH PacilH-
pUTeNsl YBEJIMYHBAETCS] CKAYKOM B Hayajle KaXJoro nepHona kosnebanuii
BBLICOKO# YacTOTH Ha BenunuuHy AUc H 1HHeHHO cnajiaet B TeYeHHe NepHO-
Na (rakoe JONYUIEHHE MOXHO NPHHATb, TaK Kak Beerna AUc & Up B
T; & Tpasps THE Tpasp = RC — TMOCTOsIHHAs BpeMeHH paspsjia  eM-
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KOCTH HATPY3KH paCLIHpHTe/]sl HMIYJbCOB), To peluenue (4.15) moxuo
sanucatb B BuJe 2]

T
Uen =L [ FIU@—DUcn_11dt+ Ucnr [1— L), (4.16)
Cc J RC

rpe D — nponuuaeMocTs HOAa; n — NMOPANKOBHIE HOMEp mnepHoa.

MoxHO noKasaTb, YTO HPH 3KCNOHEHUHA/JbHOH XapaKTePHCTHKE He-
JIHHEHHOTO 3J7€eMEHTa H PaJHOHMITY/IbCaX MNP SMOYTO/NBbHOH (OPMBI aMILIH-
TyJa pacllipeHHOTO HMIYJ/bCA Ha BHIXOJI€ MEPBOTO PaCIUHPHTE/Is HMIYJ/Ib-
coB Gyner

Uem1 = (lpl/cl) [Jo (x) — 1 T . (4'l7)
Ha BBHIXOJIE BTOpOI'O
Ucme = (I ps/Cy) [Jg (bpx) — 1] Ty, (4.18)

rie Ip;, /pe — TORH HeJHHEHHEIX 3JIEMEHTOB B pabou€ii Touke; J, (x) —
o¢yuruus  Beccens; x = A U, A = elajkty — XapakTepucTHKa  He-
JIHHEHHOTO 371eMEHTa; € — 3apsijl AMEKTPoHa, Ki; £ — nocrosiHas Bonbi-
mana, Ix/K; fx — Temnepatypa p—n-nepexofia, K; a; — Kospduum-
€HT, OTpeesieMbl  KOHETpyKupeH auona (Auist GobIIHHCTBA HOJIOB 1 <C
< ap<<?); by = A /A; — Ko3bULHEHT NeneHH st GHKCHPOBaHHOTO oOCJa-
6HTe/5T Ha BBIXOJE BTOPOrO PaCILHPHTE/sT HMIY/IbCOB; Ty — JUIHTENBHOCTD
CBY umnys bcoB.

TakuM 06pa3oM, OTHOLUEHHE aMILVIHTY. PaClUMpEHHBIX HMMYJbCOB

Ba= Uerma _ I;nC: _Jo(x)—1 « (4.19)

Ucme IpsCy Jo (bgx)—1
He 3aBHCHT OT AiuTenbHOCcTH CBU HMNy/bCOB H onpenenneTcs JHIUb HX
ammiutynoii Up,. Tlpy HMDyJabcax HenpsiMOYTOJIbLHOH (OPMEI MOJ X CJe-
nyer nonuMmatb AU, VK > T Kgu — KOpPHUHEHT GOPMEI HMITYJIBCA.

C nomoupio H3MEpHTeNs] OTHOLUEHHH AaMILIHTYJl pacUIHDEHHBIX HM-
nyJbCOB, NOMB3Ysch rpadukom (puc. 4.11), paccuntaHHBIM o Qopmyie
(4.19) nas cayuasi by = 0,5, MOXXHO ONpPEJENHT HMITYJILCHYIO MOIHOCTD.
Ha rpaduke no ocu abeupce o1ioxeHo nponssefenne U2, A? = 2RP s A?
(A = 20 B, R = 50 Om), nponopuHOHAJbHOE HMIY/JIbCHOH MOLIHOCTH
HIH 0GOGLIEHHOH MOLIHOCTH NPH HMIYJbCaX HENpsMOYTONbHOH (GOpMEL,
Mo OCH OpAHHAT — BEJIHYHHEI OTHOLUEHHH aMILIHTYR PacliHPEHHBIX HM-
nyabcoB (B JsorapudMiueckoM Maciutabe). Crenyer OTMETHTb, YTO TpHBe-
JeHHbi rpaduk (puc. 4.11) He yuHTHIBaeT YaCTOTHEIX CBOHCTB HEJIHHEHHBIX
npeoGpasopareneii. IlosToMy Ha mnpakTHKe HEOGXONHMO MOJIbL30BaTLCS
SKCNIEPUMEHTAILHBHIMH KaTHOPOBOUHBIME TpadHKaMH, NOJYYEHHBIMH TPH
CpaBHEHHH YCTPOHCTB ¢ OOPa3LOBLIMH BaTTMETPAMH.

B ocHoBy paGoThl H3MEPHTEJIBHOTO 6/10Ka MOKET OhITh TIOJIOXKEH TaKkKe
HECKOJIbKO MHO# cnoco6 cpasrerus [2, 18, 19] aMmiuTyx paciiHpeHHbIX
UMITyJ16coB (pHC. 4.12).

Hamepsiempie CBY HMnysibchl NOCTYNaloT Ha COTMVIaCOBaHHYIO Harpys-
Ky R, BLINOMHEHHYIO B BHJE JIe/IHTe/ 51, K KOTOPOMY MOJK/IIOYEHD! JIBa pac-
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IUHPHTeNst HMNyascoB. B kauectse Bu
HeHHEHHBIX 3/1eMeHTOB npuMeners &7 P
T0JyIPOBOHEKOBEE JHONE [, u 57 ]
H,. Jlns yayulenns: cornacoBaHus 40

BXOla Harpyskd moi [J, mnepBoro

PaCIMPHTE/S HMITYJILCOB NOAKTIoueH 7 7
HE HENOCPEJCTBEHHO KO BXOAy Ha-

TPY3KH, a K YaCTH Harpy3o4Horo co- ZJ /
npotusnenus. Tlneun nenutens Bei6- ;:g 7

PaHE C TAKHM DacueToM, YTobl CHI- 4
HaJ1, ocTynaoluuii Ha auon J,, 66 7.2
B lIBa pasa MeHblle CHIHana, NocTy- 40 ,
natomero Ha juon [;. Pabouwe toku [ ¢ W W 0 40 IR
IHOZIOB ONPEJENSIIOTCS HANPSiKEHHeM L L L
U ¥ conpoTHBneHusIMM pe3HcTopoB 7 45 7 Fosy MBT
R3; n R,, Kotophie 3aBefioMo 60.b-
1€ CONpOTHBJIEHHSI NHONA B NPSAAMOM  Puc. 4.11. 3apucumocts P (Pos) AAs
HanpaBJeHHH. 3T0 NO3BOJSIET CBECTH br=0,5.
K MHHHMYMY TeMIEPaTYPHYIO 3aBH-
CHMOCTb TOKOB JIMOJIOB. .
uPacmupeHm,Ie UMIYJIbCE C HATPY30K NEPBOTO H BTOPOro pacllvpH-
TeJleli HMIYJIbCOB NONEPEMEHHO Yepe3 KOHTaKTEI pee [T nocTynaloT Ha BXOJ
yeunutens. Ero Kospguuyent ycuneHHst peryJIHpyercs ¢ NoMoLpio yCT-
pOHCTBa aBTOMATHYECKOH PETYJHPOBKH YCHJEHHs TakuM 06pa3oM, YTO
Ha BBIXOJIe YCHJIHTe/s MaKCHMATbHas aMILIHTYAA HMIYJBCOB TOLIEPHKH-
BaeTCs1 Ha HEKOTOPOM yposHe U;. UacToTa nepeK/ioueHHs! KOHTAKTOB pe-
e I1, 3ajaBaemasi HH3KOYACTOTHHM TEHEPATOPOM, BO MHOTO pa3 MeHbLUE
MHHHMMa/IbHOH YacTOThl MOBTOpeHHs H3MepsieMbix CBU ummynncoB. Bua-
roniapsi STOMY NpH HEPaBEHCTBE aMILTUTY A PACIUHPEHHEIX HMITY/IbCOB Ha Ha-
TPy3KaX MepBOro H BTOPOTO PacCIUHPHTE/S HUMIYALCOB, CHTHA/ Ha BHLIXOJIE

pcaul

/

&1 O,

Pezynamop ycunewnun Rs

4 A

Y
. HbIT
demexmop

$a3066id
demexmop

Cenexmubreni
younumens N

=
= T

Puc. 4.12. Gyukumonanbnas cxema uamepurednst 06obmernnoft Mommocrn CBY HMIYJIb-
, COB.
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ycuuTeas npencTaBaseT co6oil aMIIHTYAHO-MOYIHPOBaHHYIO NoC/eN0-
BATeJIBHOCT MMIYJIbCOB. YacToTa MOAYJISUMH paBHa Fy, a ray6uHa Mo-
AYISLMH. OOPELeNSieTCsl Pa3iHuHeM aMIVIHTY]l PACIUHPEHHBIX HMITYJIBCOB
Ha HarpysKax pacumpuTeseii. 3ta MOC/E/OBAaTeLHOCTD HMITYJIBCOB T1O-
CTynaeTr Ha aMILIHTYJHBIH IETEKTOP.

TIponeTeKTHPOBAHHOE HanpsKEHHe YCHIMBACTCH Y3KOMOJIOCHBIM Ce-
JIEKTHBHBIM yCHARTeNEM (LLEHTPaIbHas YaCTOTa MOJIOCH NPONYCKaHH s paB-
na F,). Hampsskenwe C BbIXOJa CEJIEKTHBHOTO YCWJIHTENS TOCTynaer
Ha (a30uyBCTBHTE/bHDI JIETEKTOP, HA KOTOPBIil .OJHOBPEMEHHO MONAETCS
H HanpsKeHHe ¢ HH3KOuaCTOTHOTO reHepatopa. HanpsixkeHHe ¢ BbIXoia
3TOrO ZIETEKTOpPA Uepes Pe3HCTOPE Ry H Rg 10CTynaer Ha nepebifi pacuiy-
puTeJ]b HMITY/IbCOB.

Da30BLIe COOTHOLIEHHsS] CHTHAIOB HH3KOYaCTOTHOTO TeHepartopa H ce-
JIEKTHBHOTO YCHJIHTeJIs1 BRIGHDAIOT TaK, YTO BLIXOJHOE HamnpsikeHHe ¢azo-
YyBCTBHTE/BLHOTO JIETEKTOPa BEISLIBAET CMELIEHHE paboueli TOUKH Ha BOJIbT-
amIiepHOl XapaKTepHCTHKe AHOAa [y, TpH KOTOPOM aMILIHTYJa pacllH-
PEHHEIX HMITYJILCOB C BBIXOJ1a IEPBOTO PaCHIMPHTE/S CTPEMHTCS CPABHATD-
€51 C aMIVIATY Ol HMITYJILCOB BTOPOTO PaCLIHPHTENS. HavasbHbifi TOK nep-
Boro pacumpurensi [p;, onpejeinsieMbli CONPOTHBJICHHEM pe3HCTOpa R,
3a7a10T paBHBIM byl p, (MpuHEMasi Ry = R, u €, = C,). Torna orHolLeHKE
aMIVIHTYJl PaClUMPEHHBIX HMMYJIBCOB Py Ha BEIXOJAX MEPBOrO M BTOpOrQ
pacuupuTeseli GyJier CTPEMHTBCH K €IHHHLE NpH Py = 0. Ilpn Pgs >0
aMIKTYNa PaCUHPEHHEIX MMITYJBCOB Ha BHIXOIE NEPBOTO PaCIIMPHTENs
uMITyBCoB Oyzier Gosibiue, YeM Ha BHIXOJIE BTOPOTO. .

JlornonHUTeBHEIH TOK Al uepe3 meon [l 3aBHCHT OT BHIXOIHOrO Ha-
npsikesust $asouyBCTBHTENBHOMO JETEKTOPA H CONPOTHB/IEHHS PE3UCTOpa
R;, KOTOpOe BHIOPaHO HAaMHOTO GOJIBIIHM COTDOTHBIIEHHS HATPY3KH Ne€p-
BOTO pACHIHpHTENsl HMNYJIbCOB H BHYTPEHHEro CONPOTHBIEHHS JWHOAa.
TOT TOK BLI3BHBAET YMEHbIUEHHE TOKa Yepe3 IHOJ, UTO SKBHBAJNCHTHO BBe-
JEHHIO HEKOTOPOr0o CMEILAIOIIEro HanpsikeHHs. Pasinune aMIIHTYL pac-
IIMPEHHBIX HMIYJILCOB, & CJIEJIOBATENLHO, H TIOTPELHOCTD u3MepeHHs! Be-
JIMYEHE OBGOGLIEHHO} *HMITY/ILCHOR MOUIHOCTH OyIyT TeM MEHblue, 4YeM
Goutbine KOS(XPHIHEHTE! YCHIEHHS YCHHTE e, Hanpsxenne U,, mponop-
[HOHA/IbHOE TIONBOIKMOH HMIYJ/ILCHOH MOILHOCTH, W3MEPSIOT C MOMOLILIO
posbTMeTpa W, IIKajly KOTOPOro rpajiyHpyioT B BEJMIHHAX 06o06LIeHHOH
motnuocTH uamepsieMbix CBU uMny/bcoB. PaccMoTpeHHRIH THIT BaTTMETPa
AHAJOTMYHO NpERBIIYIIHM 06/1afaeT YaCTOTHOH 3aBHCHMOCILIO H NOSTOMY
Tpe6yeT KanHOPOBKH MO 0GpastOBBIM npubopam.

HnTerpaibHeifi METON 3SKCNEPHMEHTAILHO onpo6oBaH B JHanasoHe
uacrot jio 2 ['Tu. MeTon npHMEHHM JU1sl H3MEPEHHS] MOLIHOCTH MafbiX ypOB-
Heli OT HECKOJIBKHX COTeH MHKDOBATT 110 HECKOILKHX MHLTHBATT. ITorperu-
HOCTb NPHGOPOB, HCIOIL3YIOMHX HHTETPaIbHbIH METO/, B OCHOBHOM OTpeé~
JeNIsieTCs] MOTPElHOCTEI0 06pa3uoBofi annaparypel, ¢ TOMOULbIO KOTOpO#
OHH OTKaJHOPOBaHHI.

K JIOCTOMHCTBAM METOJa C/IERYeT OTHECTH: Majaylo 3aBHCHMOCTH pe-
3Y/IBTATA M3MEPEHHS OT JUIHTEJLHOCTH H CKBAXKHOCTH HMITYJILCOB, 3 TAKKE
BOSMOMKHOCTb H3MEPEHHST HMIYJIBCHOH MOUWHOCTH MPH MAJIOH JVIHTe/bHO-
cti ummyascos (mo 10 uc). HexocraTku MeTOla: Majblfl JIHHAMHYECKHH
nuanaszon (10—15 1B) M cpaBHHTEJNPHO HH3Kas TOYHOCTD.
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Fnaesa 5

BOMPOCHI SKCIMIYATALIUM CBY BATTMETPOB

5.1. KOHTPONb W M3MEPEHUE OCHOBHbIX TIAPAMETPOB BATTMETPOB

B ra. 2 u 3 Gel10 OKa3aHO, YTO OJIHHM H3 CTIOCOGOB MOBBLILIEHHS TOY-
HOCTH H3MEPEHHs] MOIHOCTH SIBJISIETCS Y4€T MOTPEIHOCTH, 06y C/I0BICHHO ~
OTPAKEHHSIMH. Ilns Toro mokasaHust BaTTMETpa YMHOXKAMOT Ha TMoNpa-
BOUHBIH MHOXHTE/b

1+ T ) naun 2 (KCB? 4 1)/(KCB + 1)? 1
ISl BaTTMETpa MOIVIOmAeMOil MOLIHOCTH M Ha
(I —|Tu (1 + | Ty [} wm 2KCB/(KCB? + 1)

JUIS BaTTMETPa NPOXOAsieH MOLIHOCTH 30HJI0OBOrO THIA.

B sKcnyaTanuOHHO# JIOKYMEHTAaLMH HA BATTMETPL! NPHBOLAT O6bIU-
1o KCB win |T'| pnst QUKCHPOBAHHBIX YaCTOT W/IH HX MpefenbHble 3Ha-
UCHHs! B IHANIa30HE, YTO HE NO3BOSIET 3(eKTHBHO HCIIO/1b30BATh NONpPaB-
KH K e3yJbTaTy Ha paboueil yacToTe 6e3 COOTBETCTBYIOUIMX H3IMEPEHHIT
nefiCTBHTENBHEIX 3Hauennii KCB. ’

Euie Gosee BamHO 3HATL NEHCTBHTENILHOE 3HAYEHHE Ko3(xpHIHEH1a
5(peKTHBHOCTH /151 paGOYHX YCJIOBHIi, KOTOpPOE TaKke TPHBOAAT L5 JH-
CKPETHBLIX YaCTOT H OJHOTO YPOBHsI MOIHOCTH. OnMINeM C/IO0XKHBLIMECS Ha
npakTHKe Metonpl HamepeHHst KCB u K. .

5.1.1. Mamep ¢ c BONHL

Pl

Kos{puuuent crosiuefi BOJHEI Ha BXONe BaTTMETpPa INOIIOLIAEMOH
MOIIHOCTH (MPHEMHOrO Mpeo6Gpa3oBaTeisi) ONPeNe/sioT ¢ NOMOLIBIO YCTa-
HOBKH, COGpaHHO! no cxeMe puc. 5.1. BMecTo HaMepyTeibHOM JTHHHH MOK-
HO HCrOJIb30BaTh TaKike H3MEPHTeNb KOXpHIHEHTa cTosueil BOJHEI HJIH
GiOHBIX COMPOTHBJIEHHH.

Monyns SQ)Q)Q“KTHBHOI‘O KO3()pHUMEHTa OTpa)K€HHSl Ha BHIXOJlE BATT-
MeTpa NpPOXONALEH MOIIHOCTH MOXKHO U3MEPHTb C IOMOLUBIO yCTAaHOBKH
Co6paHHOi COIVIACHO PHC. 5.2, €C/IH YyBCTBHTENbLHBIH 3/EMEHT Ba'r'rMe'rpe;
Pacrno/ioxeH B OCHOBHOM TpaKTe, M YCTAHOBKH, COOPaHHOH COTJIacHO
pHc. 5.3, ecM BaTTMETP NMPOXOASiIEH MOIHOCTH npeacTaBasier coboii co-
UeTaHHE BATTMETPA MOIJIOIIAEMOH MOIIHOCTH M HamnpaBjeHHOTO OTBETBH-
Tessi. IIpH HCNIO/B30BAaHHM CTPYKTYPHOH CXeMBI pHMC. 5.2 BBINOJIHSIOT
creyIolHe onepanyH:

a) ¢ moMolkio $HaszoBpainaTeNss HJIH Pa3ABHIKHON JIHHHH H3MEHSIOT
¢azy (uepes 10—15° B npenenax ot 0 Ko 180°) KosdPunmenTa OTparenns
BCTIOMOraTe/ IbHOro BaTTMETPa IOIJIOWaeMOH MOLHOCTH (NPHCMHOTO Tpe-
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o6pasoBaTens)) ¢ ussectHolM 3Hauenvem KCB (1,6—2) u onHoBpemenHO
“ onpeseasior oTHoweHue ff MokasaHuii paboyero BaTTMETpa NPOXOAALIEH
MOIIHOCTH H BCTIOMOTaTe/IbHOTO BaTTMETPa NOIVIOIAeMOH MOLIHOCTH;

r éf: Hamep . Paboyud 6 P
(ﬁﬁl) nunug . [T ) noznowaemod  MoujHOCMU
I

1
1
Anduxamop | §

] m
06pasyober
{0z

Npuempeid
wa3ob macm

P
UKL v _

Puc. 5.1. CtpyktypHasi cxeMa YCTaHOBKH IUIsi H3MepeHHs1 kosdduurenta crosuei
BOJIHBL

6) Haillll MAKCHMANbHOE Pyaxc H MHHHMATLHOE Pyu, 3HAUEHHS 5TO-
TO COOTHOILUEHHS], ONpeNe/sioT MORyak 3(hpekTHBHOTO KoabduupeHTa 07-
paxeHusi Ha BbiXolle paGoyero BaTTMETPa NPOXOASINEH MOL(HOCTH: _

IFBI: ﬁMaKc_BMMH 1 ) (51)
ﬂMaHC+ﬂMﬂB 2 I FB I
rane I FB I — MOAYJIb Koa(b(bnuueﬂ'ra OTpaXX€HHsI Ha BXOJA€ BCnoMmora-

TE€JIBHOTO BaTTMETpa MOrJI01aeMOH MOLHOCTH.

r é f Pabovud Gammuerp BonomoeamensHerd
(csy) x *—D—ﬂ npaxadawyed @ |>\éammmemp noeno-
~ MOUYHOCTIU - |uzroned woupocmu

r . 1 - I
| Obpasyob, [/ i
i Mocm |  |npesbpasobammens |
L J L - 3

Puc. 5.2. CTpyKTypHasi cXeMa yCTAHOBKH (1711 H3VMepeHHs P(QEeKTHBHOTO KO3(duimen-
Ta OTpaxeHHsa Ha BBEIXOJl€ BATTMETPOB MPOXOAAILETO THNA NpH pacnosiOXeHHH YyBCT-
BHTEJBHONO 3JIeMeHTa B OCHOBHOM TpakKTe.

Tpu usmepennn Monyns >(deKTHBHOrO KOS(pHUHEHTa OTpaKEeHHS
[0 CTPYKTYDHOH CXeMe, NpPHBENEHHOH Ha pHC. 5.3, HYKHO:

a) MIaBHO M3MeHss oOC/ab/eHHe pPa3Bs3LIBAIOLIEro OCIabHTeNst
NOJIO}KEHHe KOPOTKO3aMBIKOLIETo TOPILHS, BKJIIOYEHHOr0 Ha BXOJle BaRT

2

_|_¢]_"" i b / H3mepumenoHas fl. £
npoxodawed mogwocmu [~ runug (55:/)

Puc. 5.3. CTpykTypHasi cXeMa YCTAHOBKH JJISl H3MepeHusl 3 (e THBHOIO Kospgutlnen-
” Ta OTPAKEHHS Ha BLIXOJIE BATTMETPOB NPOXOJSILETO THNA, HCIOMB3YIOWKMX HAaNpaBeH-
}!
|

. Hbl€ OTBETBHTEJIH. .

MeTpa TPOXOJsileH MOIUIHOCTH (OTTpaiyHpOBaHHOTO B BeJHYHHaX Najaio-
el MolHOCTH), NOOHTHCS OTCYTCTBHS NOKa3aHHil OTCYETHOTO YCTPOHCTBa
paTTMeTpa npH paboTe Ha caMOi YyBCTBUTEIBHOH IIKane;

132

6) 3aTeM ¢ moOMoIIbI0 H3MepHUTENbHON JuHUH H3MepuTh KCB Ha Boi-
XOJle BaTTMeTPa H PACCUHTaTh 3HaY€HHe MOAYJisi 5(peKTHBHOrO Ko3(du-
UHEHTa OTpaxeHHsi pabouero BaTTMETpPa NMPOXOAsiueHl MoWHOCTH 1o dop-

MyJe
| Ty | = (KCB, — I)/(KCB, + 1).

542 M 5 norp

P

OcHOBHYIO TOTPEIHOCTb OMPEREJSIOT C/IMYast TOKa3aHHA paGoumx
BaTTMETPOB C TNOKa3aHHAMH OOGPasLOBBLIX CPEACTB 2-TO paspsjia B COOT-
BETCTBHH C OOIIECOI03HEIMH NOBEPOYHHMH cxemamu T'OCT 8.059—73,

1

I i I amanon edunuger mous|
HOCIU _ MEPEMENHO20  mOKa wa (BY [
| , [ |
I 'E e u/u; npu nomowy  Kemnapamopa l—~_—'_i
b
| &8
& Obpasyobsie  Bammmemper
E nadaroyed «  npoxodeuwed
§ I 1 I
8 I P ‘ " 1 I
I
i L crusesue I I |
] S
N oz % i| — noeno
e | U mpoxodaer  MOowHOCTIL ] waemod m Tl
<
E
| Henocpedem-
HHOE l
cruvenue ¢
Berwoe [ Lf & vepes 4 ca Crusene Tpamoe .'
Dot o mocmiod N C nomousbio vepes | -
moxa 1
& I
E
5 I I I I i
3
o Pabovue Tpeobpazo- Pabovue -
§ ‘:ammuempu Barmenu ‘waome . Padovue ,,a,,,,,,,,,_,,;p,,, l
u b «
oD
¢ cpeduezo Manozo manoeo Manozo mangeo Hoie I
I 3 ypoba ypobenn ypobg ypobrg yoobua |eeweramoper
£ MOUHOCTIY I
| € .
L |

Puc. 5.4. Ynpouennas nosepounas cxema sartmerpos CBU.

TOCT 8.074—73 (puc. 5.4). B KauecTBe 06pa3LOBHIX CPENCTB H3MEpeHH
MOKHO NPHMEHSITb BaTTMETPHl NMajaloliell HIH NPOXOAsiueH, a TaKKe mo-
ryioiaeMoii - MowHocTH. TlpH 3ToM 06pasuoBas annapatypa JO/MKHA, Kak
TNpaBHJIO, HMETh NOTPEIIHOCTD B TpH H Go/iee pa3a MEHBIIYIO, YeM MOrpell-
HoCTb paGouero BaTTMeTpa.

CTpPYKTYpHbI€ CXeMBI J1si H3MEPEHHS! OCHOBHOH MOTpPEIHOCTH Tep-
MHCTOPHLIX BATTMETPOB U KO>(PQHLHENTa S¢HEKTHBHOCTH NPHEMHBIX Nipe-
o6pasoBateeli npHBeNieHs Ha puc. 5.5. ONHHM U3 OCHOBHEIX y3J10B obpas-
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LIOBOTO BaTTMeTpa Nafiamomeii (mpoxosiuwe) MOLHOCTH SIBISIETCS npeo6pa:
30BaTe/b MAllAoOEH HJIH NPOXONSAIIEH MOIIHOCTH, HHOT/la Ha3blBaeMbil
Kanu6patopoM. IlpeoGpasoBateny nanaioueli MOIWHOCTH, KaK IpaBHIO,
BKJIIO4aeT B ce0f HanpaB/€HHEIE OTBETBHTENH H ONOPHYIO TEPMHCTOPHYIO
ro/ioBKy. MommocTs ot nerounnka CBU MmowHocTH yepes GuiabTp M pas-
BSI3pIBAIOLINH aTTEHIOATOp (OCIabuTesb) NMOCTYNaeT B OCHOBHOH KaHal
npeoGpa3oBaTe/s Najariell MOIHOCTH. K BbIXOJy OIHOTO U3 BTOPHYHEIX

) Pabovud
nadarowed usu 7
(cgv) Refl S 4 U | {06pasyobud
~ ~ “anoLmL bamens) T Mocm
ol 3 : i
Obpasy a7 oawet)+ | ObpasyoBerd <~ | |Boicoxoom-
! " MowHormy mocm Lyusid nomes-
yuomentp
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[¢ npuemterd

peuty |
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Puc. 55. CTpykTypHble CXeMbl YCTAHOBOK JJsi H3MeDEHHS] OCHOBHOR n(;rop;;l;ggg;ti

TEPMHCTOPHHX BAaTTMETPOB H Kod(pduuuenta spdexrupHocTH vnpnemlw; gpm.uef« 20pa-

Teneft NpH MCNOMb30BAHKH OGPA3LOBLIX BATTMETPOB MAAIOLLeH HIH TIPO: 116 ek Mot

HOCTH (@) W KOMnapaTopa majgamoulell HIH MpoOXoxsigell MOUIHOCTH H 06pasiy
‘BaTTMETPa Tiornouiaemoft MowHoctH (6). )

KaHaJIoB MNOCTOSHHO NPHCOE/MHEHA ONOPHAA TEPMHCTOpHAA ~TOJOBKa,
K BBIXONy BTOPOTO Ha BpeMsi M3MEpeHHH NOJK/IIoHaloT paGoun it BaTTOMeég
(npueMHbIfl mpeo6pasoBareib). Konctpykuus npeoﬁpa3oaa'g$1ns; naue:( éun-
MOIL[HOCTH TO3BOJISIET MOJYYHTh HauGo/iee MOCTOSTHHOE H O/MH3KOEe K €U

HHILIE COOTHOLUEHHE YPOBHEH MOIIHOCTH H3 BBIXOJlaX BTOPHYHBEIX KaHAJIOB

oy = Puan/Pog = P coral Pos (5'2)

rje P,y — MOWHOCTE Ha BHIXOJE mnpe o6pa3oBatensi najamed Mol
Ol - . -

x-roc-m,c HarpyXE€HHOr0 Ha COrJacoBaHHEI BaTTMeTp; P, — MOUWHOCTD,

HHJHIHPyeMasi 06pa3snoBL5IM MOCTOM, B CXeMy KOTOPOTO BKJIIOYEHA OLOPH ast

TEPMHCTOPHAs! TOJIOBKa.
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Hcnonb3ys nosepounyio YCTaHOBKY, COOTBETCTBYIOULYIO CTPYKTYPHOIL
CXeMe Ha PHC. 5.5, @, OCHOBHYIO TIOTPEIIHOCTL paboyero BaTTMETPa MOXK-
HO Omnpeznenuts no ¢opmyne

A=P,— P, (5.3)
Pl" = PsaM/KB (1 - I rn Iz) (5-4)

— TOKasanhe pabouero npuGopa c yuerom Kos(pdrIHenTa sdxbekTHB-
HOCTH K, U KO3(pdHLHEHTa OTpakeHHs ero oT Bxona I'y.

Tlpu H3MepeHHH B COOTBeTCTBHM cO CTPYKTYpHOIi cXeMo# Ha 5.5, 6
OCHOBHASI NOrPELIHOCTL COCTABJISET

A=py— PonNnuMn/(l — IronF), (5.5)

e

rne P,, — nokasaHHe 06pa3rioBoro BarT™MeTpa; Ny gy, — OTHOIEHHe
MOIIHOCTEH Ha BXoile pabouero M 06pasiOBOTO BaTTMETPOB MOIJIOLae-
MO#i MOIHOCTH, onpefensieMoe OGPa3sLOBLIM KOMNapaTopoM mnajarolwefi
MM TIpOXOAsWEH MowHOCTH; Ty, — Kospuiment OTpaxeHHss o6pas-
LIOBOTO BaTTMeTpa.

B tex cnyuasix, korna o6pasuosas annapaTypa He MO3BOJISieT onpe-
ACTHTL OCHOBHYIO MOIPEIIHOCTb BO BCeM JAMHAMHUECKOM [HANA30HE MO-
BepAeMoro mnpuGopa, JONYCKaeTCsi MO3JEMEHTHas noBepka paGoyero
BaTTMeTpa.

TIosnementHast moBepka TEPMHCTOPHHIX BaTTMETPOB 3aKJ/I0YAETCS
B OnpeneieHHH KOs(xpHUMEHTa CTosueH BOTHE HanpsiKeHHsT Ha BXozie npH-
€MHOTO npeoGpasoBatenst; KoXpHUHeHTa IPERTHBHOCTH ¥ TOTPELIHOCTH
TIPHEMHOTO npeo6pa3oBaTesi; NOTrPEILHOCTH H3MEPHTEIbHOH CXEMH H Bbi-
UHC/IEHHH OCHOBHOH MOTPeINHOCTH npuGopa.

CrpykTypHEE CXEMBI YCTaHOBOK JI151 H3MEPEHHST KOspHIHEHTa 3¢-
(EKTHBHOCTH 'TpHEMHOrO npeoGpa3opate/isi H306paKeHs Ha pHC. 5.5.
JeficTBuTenbHOE  3Hayenue KoshpuuHenTa (e KTHBHOCTH TIPHEMHOrO
npeoGpasoBatenst paGoyero BaTTMETPa ONPENEJNSIOT, CPaBHHBas MOKa3a-
HUsl 60pa3LioBOTO MOCTA € NPHCOENMHEHHEIM K HEMY HCILITYeMbIM MpHeM-
HBIM mpeoGpasoBaTesieM H 0Gpa3LOBOro Ba1TMETpa mapnamouel (npoxons-
wef) mommocty (puc. 5.5, Q) HIIH TIOKa3aHHsI 06pasuoBoro MocTa ¢ mos-
KJIOUEHHBIM K HEMY UCTIHITYEMbIM MPHEMHEIM npeoGpasoBaTeieM H 06pas-
OBOro BaTTMETpa morJiowmaemoii Mousocts CBU uny YPOBHefi MolHoCTH

BY, orHomenne kotoprix onpeJieNieHo  06pa3LoBbHIM KOMIapaTopoM
(puc. 5.5, 6).

Tlpu ucnonb3oBanuy cxeMsi prc. 5.5, a ¢ npeoBpasosaresenm nanaso-

1eif MOIIHOCTH pacyeTHast popMy.1a HMeeT BULL

Ko = Paam/Peory 1—1Tp), (5.6)

The Pggy — 3aMelaromasi MowHocT, HHIHMIHpYyeMasi 06pasuoBLIM Moc-
TOM, B CXEMY KOTOPOTO BKJIIOYEH NPHEMHEIH npeobpasosatens paGouero
BatTMetpa; L'y, — xosdduupment OTPAXEHHST NPHEMHOTo npeoGpasoBaress
paGouero BatTMeTpa; a npeoGpasoBaTesieM NPOXOAMUEH MOIHOCTH —

Ko = Paan/Prpoy, (5.7
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- € 30BaTell
rne P, MOILIHOCTb TNpOX! mass B TNPHEMHBIH TIP! 06pa b
opox LI} » pOXOAst P

paboyero BaTTMETpa.

i-Yie [Tpy HCMIONL30BAHHH CXEMbI
el

MOILHOCTH

Ko = Poan (I— | Toy [I1PogNyionen (1 — 1 T P)1-

H3Me-
TorpeluHoCTb ONpeNeNeHH s Ko3tduiEeHTa 3¢heKTHBHOCTH NPH
PEHHH 1O CTPYKTYPHOH CXeMe pHC. 5.5, a cocraBHUT

0K,= :I:ngn + 6%+ kac 6pnocv

OBOTO
rie 6, — MakcMManbHasi OTHOCHTE/JbHAas —TOTPEIHOCTH 06pa3si
BaTTME?l'Bpa nagatomedi (npoxonsimeH) MOIUHOCTH;

Oen = Mn (Pmaxe — Pmnu)/Pcp .

puc. 5.5, 6 ¢ KOMIapaTopoM napnaroen

©.9)

(5.9)

— mpenesbHasg OTHOCHTeNbHasA CJI yalHas NOTrpemHo( Th H3MEPEHHS,
P y . P ’
I, —"K03[I)q)HU.HeHT, 3aBHCSILIHH OT YHCJIA H3MEpEHHH 1,

n

n 3 4 5 6 8 10 15 20

0,73 | 0,58 | 0,48 } 0,37 | 0,31 | 0,22

Hn 1,0

—_ MaKcuMaJbHOe, MHHHMaJbHOe H CpelHee E:{Ha;e:ﬂeﬂ
€MHBIl -

noka3aHuil o6pa3noBoro MocTa, K Kmopozqgﬂg(;(nxgé%qazlggaggg it e‘l?pa

HU3MEHHEIX TIOKa3: E

obpa3oBaTenb, NpH HE X BOrO  paTTHCTpa

nagalom.eﬁ MOmHOCTH; Opace = 2| Tl Tsl HOpr{I;Ia o'rpaf:(eﬂna ia-

coBanus; | Iy | — Mony/ib sddexTuBHOrO  KOI(KpHIHE

’ ;)

Payces Prgus Pcp

i ; — MOIyJb KO-
BEIXOLE IIpeobpasoBaTesisl TNaJlalolel MOILHOCTH, " | I;‘{,', | ; —ﬂzecomﬁ
sdxprLHenTa OTpaXKEHHS NpHEMHOTO npeobpasoBatesisi; Ksc
KO3((UUHEHT, ONPENENAEMbIH H3 Taba. 2.1.

HO CTPYK-
HO aBTOMaTH3HpOBATh COIJIAC

epeHHe 3HaueHHsT Kp MOX! VK-

'rypHI(/)lgMcyl(Jeme, NpUBEJEHHOH Ha pHC. 5.6B dra cxemae :HS;g::;b?I%nrfx{?H

eHHA. OCHOBY
OHM3BOAMTETBHOCTD H3MEp oen
?;:;ugg cpaBHeHHs] TIPHEMHOTO npeo6pa3oBaTens p:oﬁz;x)ero BaTTMETP
i S npeoﬁpa3oaa-renemc (gglagg;{::o:gﬂg:gﬂerm, nporpaMMHOe
€CK

aBHLIM Y3JIOM aBTOMaTHY I aniioe

CT ggcmo- Ko}'lropoe obecrieurBaeT yrpapJjeHHe YacTOTOH, );Faoagqupo;gﬂ

iocgn cBm;—reHepaTopa, CaMOIMHCLIEM M BBIJAET CHTHaN o udpono

possTMerp. Ilepej HauajoM paboTEl COCTaBJISIIOT MporpaMMy R mpo-

by aMMHOI‘O' yerpoiictsa. C BrIXoJla CBHII-T€HEpaTopa Ha B;onlfbgoc-rynae'r

pBaTe.ano BKJIIOYUEHHEIX HalpaBJeHHbIX OTBETBHTENEH [, e

lé%q MoiHocTh. Yacrora CHrHalja H3mepﬂe'rcsxnaonuomep:$',r KoTopii

NOAKJIIOYAIOT K «ONIOPHOH MJIOCKOCTHY. 3aTeM K HeH noI;u:]n?mK pu% RO

HHS BaTTMETPOB , KOTO I

b. B 3TOM cayyae nokasa TpoB 1 1 foa

3an:giré:':nk BHIX0JIaM ugyx HMIEHTHYHHIX Hanpas/ieHHbIX OTBeTB:Bmmenﬂ i
l;? NIOMKHEl GEITB paBHbl (MOLIHOCTD BO BTOPHIHOM KaHaJie OTBe

\]
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TpOTIOPLHOHANEHA OTPAKEHHOH MOIHOCTH, a B oTBerBHTeNe /] Tpomnop-
LHOHaILHA najatowel). Ecin oTBeTBHTeNH HEHIEHTHUHBI HIM pasiHUHb
3Hauenus K, y npeobpasopareseii / # 2, CHTHAIB! Ha BRIXOJAX BaTTMETPOB
BHIPaBHHBAIOTCSI.

Tlocsie 3TOro K <ONOpHOI MIOCKOCTHY MOAKJIOYAIOT «pabounii cran-
napT — 00pa3uoBbIii TePMHCTOPHpI npeoBpasopatess. CHIHAME C Bh-
XOJIOB BaTTMeTpoB ! ¥ 2, mojaHHme Ha nudxpepeHuparbHbI YCHJIUTENB
NPOrpaMMHOTO  YCTPOHCTBa, O6ECTEYHBAIOT NONJEPKAHHE TOCTOSHHOrO
YPOBHS MOIHOCTH, pacceHBaeMOH B MONK/IOYEHHOM K ONOPHOW ILICCKO-
CTH» mpeobpa3oBaTesie HE3AaBHCHMO OT €T0 KO3(HLKEHTa OTpaXKEeHHsI.

Ynpabrenue
o ocu Y’
c fTpoep Y3ne1 dna
ey icmbi HaCmpouku
I ycmpodcmbo 0
N N Ompaxennas | N [Poznowennan ]
>
N %’ 7 | 2 Nadarowan 3 I | zf l i
NERRHE P 6 P | B : ] |
N R E cBY 8y 71 I — I |
| B Y [} 2} ) |
X X - ] T =1 | T |
N §|' mucmop | | 7epmucmap |i P . Zﬁpgm{a— |
gl § BT = | meamacimop- | | \uiemap | |
S| &) |8 Ongpras| Hord etz npe-| |
>
> IS Mmgc,m npeobpazoba- obpasoba-| |
CBun- | L1l 11 H mens mens
pamop [0 1 ‘{ll' !

Puc. 5.6. CTpyKTypHasi cXxeMa aBTOMATHUECKOK YCTAHOBKH JUIsl NOBEPKH TEPMHCTOPHLIX
npeofpasoBaTeei.

C Brixona BarT™eTpa 3, GKCHPYIOWEro MOUWIOCTE 3aMELICHHS B pa-
GoueM cTaHRapTe, CHTHaJ TOCTYNaeT Ha TIOTEHLHOMETP TPOrPaMMHOTO
YCTPOHCTBa, YCTaHOBKOH KOTOPOTO YNPABASIOT NOKA3aHHSIMH uHdpoBoro
BosibTMeTpa. Tlosoxenne opraHoB ynpaBnenus: moteHuHOMeTpa BbIGHpa-
€TCS! TaKUM, YTOObI NIOKA3aHHSI BOJILTMETPAa B BONBTAX GbuLIH PaBHH YHC-

- JIEHHOMY 3HaueHHI0 K, paGouero cramzapra.

-

Mawmensiercss yacTora ceun-renepatopa u Bee OTEPAIHH TIOBTOP STIOTCS
HauWHast ¢ KOHTPOJIS YacTOTHI. *

Onucannoe mporpaMMHpoBaHHE OCYIIECTB/SETCS Ha BeeX TpeGyeMbIX
YacToTaX. 3aTeM OTKJIOYAeTCsl O6pasiiOBbil npeobpasoBaTesib H BMECTO
HETro X OnopHOH MJIOCKOCTH MOJK/II0YaeTCs NPHEMHELH npeobpasoBaresb pa-
6ouero sarrmerpa. IIpuBOAS B NeficTBHe NPOrpaMMHOe yCTPOHCTBO, NOCJe-
HOBATeJILHO Ha BCEX YACTOTaX ONPEAENsHOT K, HCHBITYEMOro npeo6pasopa-
TeJsl, KOTOPLIH, KaK H NPH HAacCTpOiike, GyNeT YHCIEHHO PaBeH NOKa3aHHIO
LHPOBOro BONLTMETPa B BOBTAX.

B paccmatpuBaemoii cxeme TPEAYCMOTPEHA TaKiKe aBTOMaTHYECKas
3aMHCh € MOMOMIBIO CAMONHCLA, YPaBISeMOro CBHII-TEHEPATOPOM M TPO-
TPaMMHBIM ~ YCTPOHCTBOM. Y C/IOBHas TIpaflyHpaBKa CeTKu caMOnHCUa
0 onHOH OCH NPONOpPUHOHAJIbHA YacTOTe, a o JIpyrofi — noxasaHuro
BarTMeTpa 3.
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TTOrpelHOCTE  M3MEPHTEJILHOrO GI0Ka  TepMHCTOPHLIX BaTTMETPOB
onpeneasiior JH60 Ha NOCTOSTHHOM TOKE, u60 Ha nepeMEeHHOM TOKE HH3KOH
yactoTbl. TIpy 9TOM HaXOAST PasHOCTb MEXKIY NMOKasaHHAMH OTCYETHOTO
ycrpoficTBa npu6opa H H3MepEHHOIH MOLIHOCTBIO CMELEHHsT MpHEMHOro
npeoGpasoBaTe/isi. JTa Pa3HOCTb M SBJISETCH NOTPEILHOCTBIO H3MEPHTeb-
HOit cxeMbl. Bosiee nonpoGHas METONMKA NIPHBOLUTCS B HHCTPYKIMAX, [IPH-
JlaraeMeiX K KaxpaoMy npHOopy.

OcHOBHYIO TIOTPENIHOCTb BaTTMETpa MpH NO3/MEMEHTHOH MOBEpKe
PaccuuTHIBAKOT N0 (opMyJie

8=V 8K, + 6%, (.10
rae 6K, 8, — MaKCHMAJIbHEIE 3HAUEHHS NOTPEIIHOCTH npueMHOro npeot-
pasoBaTe/st H M3MEpHTEIBHOTO 6/10Ka COOTBETCTBEHHO.

IMosneMeHTHasi ~ TIOBepKa
Rpnob "; TEPMOIEKTPHUECKHX BATTMET-
I 17 |

~ Taxod \puemtbi poB C BHIHOCHBIMH TNPHEMHEIMH

A Gamens .
| Lap - Puc. 5.7. CTpyKTypHasi cxeMa YyCTaHO3-
Obpas] KH LS H3MepeRHsi Kodp¢uuuenra mpe-
l.wﬂhlll BoicoKooM . o0pa3oBaHusi TEPMO3JIEKTPHYECKOro
i > o Cm-l— /'%;‘MZ%" i npecGpasoBaTens Ha 3BYKOBOIT YacToTe:
Usow, 4 Mem, Rpo6 — TOUHHR ze;;)ea‘krsx:?h pesuctop 100

TepMOSEKTPHUECKHMH _ NpeoBpa3oBaTe My COCTOMT M3 OIpEJie/IeHH
ko3(buIMeHTa CTOsiuel BOJIHB HA BXOLE NMPHEMEOIO npeoBpasoBaTes;
KO3(HIUeHTa NPeoBpasoBans NPUEMHOrO npeofpasoBaTeast Ha rmepe-
MEHHOM TOKE HH3KOIl 4aCTOTHl; KO3(p(pHUHEHTA 3{xpeKTHBHOCTH NPHEMHOrO
- mpeoGpa3oBaTeisi; NOTPELIHOCTH H3MEPHTELHOO 6/10Ka; BHUHCJIECHHS OC-
HOBHOH MOTpEIIHOCTH mpubopa.

CTpyKTypHasi cxeMa JuIsi U3MEpeHHs KCB npuemtoro npeoGpasosa-
TeJ1sl AHAJIOTHUHA TIPHBEJIEHHOH Ha pHC. 5.1. Koaddunment npeobpasosa-
HHSI IPHEMHOTO MpeoGpasoBaTe/isi Ha rnepeMeHHoM TOKE HHM3KOf 4aCTOTHL
OTIPEJeNSIOT € NIOMOLIBIO YCTAHOBKH, CXeMa KOTOpO#i IpHBE/ieHa Ha puc. 5.7.
CurHa/1 3BYKOBO 4aCTOTHI C BEIXOJla HCTOUHHKA HEPES J06aBOYHOE TOYHOE
GespeaKTHBHOE CONpPOTHBJIEHHE Ry (HampHMep, peSHCTOP C2-13 na 100
aan 200 OM), paBHOE HOMHHAJIBHOMY CONDOTHBJIEHHIO TepMonap Rrm
TIOCTYTIA€T Ha BbIXOJL [IOBEPSIEMOrO npeoGpasopatesist. Hanpsienne curiana
3BYKOBOH 4acTOTEl Ha Rpeg M Ha BHIXORE npeoGpa3oBaTeisi M3MepHALTCS
BOJETMETPOM 3(xpeKTHBHEIX 3HAYEHHIH. HanpsikeHne TepMO-3. 1. C. npeo6-
pasosatensi Uz 5. n. c. H3MEPAETCH OTEHIHOMETPOM TIOCTOSIHHOTO TOKa.

Kos(xpuumeHT npecCpasoBaHHst TEpPMO3JIEKTPHYECKOTO npeoGpa3oBa-
TeJst paCcCUMTHIBAIOT TIO (opMye .

K ppstu = Usoupe Ryos!Us U, CRYY

rae Uge. g, c. — TEPMO-3. L. C., B; Rjc — 106aBouHOe CONPOTHBJICHHE,

B Tex cayuasix, KOra neficTBHTeNIbHOE 3HauetHe ConpoTHBJIEeHUs Tep-

l;lro‘l;ap 10 BEIXOAY R OT/IHYaeTCSl OT HOMHHAJBLHOTO He Gosee uem Ha 10—
0%, HOCTaTOYHO HM3MEpHThL ofmee HanpsikeHue Uyyg Ha R + R

Kos(ppHUHEHT npeoGpa3oBaHHsA Kyupo Hy BHIYHCIHTE 1O (bopM;ltJ?[% i

Knpﬁl-['-l = 4Rn06 U.m_n_c/Uf;[q.

xonﬁi(ocsmnopz;ﬁ:; ;q)q)em I;(THBHOCTH noeepsieMoro npeoGpa3oBatensi Ha-
OBKH, CTPYKTYpHasi CXeMa KOTOPOH
Ha puc. 5.8. YposeHb MompmocT! i Nt peaGpa.
. U Ppap, Najaomel Ha 1 H
ua pu pUeMHBIH npeobpa-
€JIb, YCTaHAB/IHBAIOT B Mpelie/ax NHHAMHYECKOro JHarna3oHa npegﬁ-

é f % Obpasyabsltl_ uc- flpu 7 Bs 7

YHUK NaAO0ar 306a- > -
eu i
! memp

7
cBY)
~ ’

4 ment

Puc. 5. é
.8. CTpykTypHasi CXéMa yCTAHOBKH Jnsi M3MEPEHHS Ko3(dHuHeHTa 3 exTHB-
HOCTH TEPMO3JIEKTPHUECKOTO TIpeoGpasoBaTtesi.

g:;gaz::gim. Tlocsie sToro ¢ NOMOIIBIO NOTEHUMOMETPA MOCTOSHHOTO TOKa
p TepMO-3. A. ¢. Kospouuuent sppeKTHBHOCTH pacCUHTHIBAKOT

no ¢gopmyJe
K,= ra.n.c./Pnan(l - I Ty I2) Knpﬁ HY- (512)

TorpertHocte onpepe.
JIEHHsT KOa(phHLMEHTa s(hdeKTHBH I
OCTH T -
5JIEKTPHYECKOT0 TNpecbpasoBaTensi COCTABHT e e

) 0K, =V 62+ &° Ur+-6"Kp 1u + 82+ By S pacen (5.13)

rae 8U, — mMakcuMa/bHast OTHOCHTENbHAS! TOTPEIIHOCTb H3MEpPeHHs Ha-
o -
Mg:gle;:n TepMO-3. I. C.; OKppsuy = V 62Ry06 102Uy +40°Unyg —
M JIbHAasi OTHOCHTE/bHasl MOTPENIHOCTh H3MepeHHsl; OR ;. — Mak-
aumamﬂan OTHOCHTE/IbHAS TOTPELIHOCTh JI06aBOYHOTO conp?x%nanennn-
o :x[:enu :{aﬁﬁlmaanma; o'rgocmenmaﬂ MOTPELIHOCTD  U3MEPEHUST Ha-
3 Oops Ocay Opace — morpemHocTH, an
ZieHHeIM B hopmyue (5.9). P v SHAOTIIRE TipuRe:
Toxenﬁgslr;};g?s H3MEPHTENBHOr0 G/I0Ka ONpenenfiloT Ha TOCTOSHHOM
. 0 BMECTO NPHEMHOTO npeoBpaso
BaTe/s1 Ha BXOJ H3MEPH-
TeJIbHOro 6JI0Ka BKJI04aioT o6pas i ¢ o
UOBBEIH PE3HCTOP, COMPOTHB
pOro paBHO HOMHHA/JBHOMY 3HAYeHH y n 51 Tpeobpa.
10 paboyero ConpoTHB/IEH
30BaTe/1s1 N0 BhXOAy. TakuM o6 , g mbeotpa
. Pa3oM, BXOJl H3MEPHTEIbHOro 61
3bIBAETCS 3alllyHTHPOBAHHKIM COI it 12 BXOX Ha-
pOTHB/IEHHEM R 3areM H.
MepHTeNBHOTO G6JIOKa NOMAIOT H. . o U (MB)
T anpspKeHHe TMOCTOSTHHOTO U
TaKOH BeJHYMHEI, YTOGBHI MOJyY ie m e
HTb ONHGPOBaHHOE 3Haue i
] . HHe MOKa3aHHil
B:{c}:el;moro ycrpoiictBa Py. Benuunny HanpsikeHHsi usMepsiioT o6pasuo-
HOJII:TMeTpoM HJIH BHICOKOOMHEBIM TIOTE HIHOMETPOM.
OrpPenIHOCTE H3MEPHTENBHOTO 6JI0KA COCTABHT

Om; U,;, U, — Hanpsnkenue 3BYKOBOH 4aCTOTHl Ha npeobpasopareyie M

R 06 COOTBETCTBEHHO, B. N 61 = (PuKups na/Upa) — 1. (5.14)
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OCHOBHAfl TIOTPEIIHOCTD TEPMOJIEKTPHUECKOTO NpeoGpasoBatelisi NpH
no3JieMeHTHO! NoBepKe OyneT paBHa

8=)&K,+ 81
OCHOBHle l'IOI‘pel.l.lHOCTb KanopHMeTPHUECKHX BaTTMETPOB HaxonaT
B OCHOBHOM 3KCrIepHMeHTaJIbHO-paC‘ETHbIM nyTeM. Me’rou l'lpﬂMOI‘O CJIH-

it it apaTypbl NIPHMEHSIOT

3aHMil ¢ MOKa3aHHsIMH OOpa3uOBOH amm
eHi TOKE PEAKO M TOJBKO TOria, KOrja
HY}KHO TIPOBEpPHTb, HACKOJIBKO

Hemowrnux_ \Rx=50 OM[ pagoqud anopu-
TOCTOAHHOZ0 mempuyecKut TEOpeTHYecKoe 3HauyeHHe OcC-

mo HOBHOfI TIOrpeLIHOCTH mpHOopa
- coBrajiaeT C 3IKCMepHMEHTaNb-
o e e e HeiM. OcoOpieé TPYAHOCTH BO3-
moKa HUKAIOT TIPH ONPEJIE/IEHHH OC-
4 HOBHOfl TIOTPELIHOCTH KajlOpH-
METpHYECKHX BaTTMETPOB GOJIb-
woro ypoBHs. B 3ToM ciyuae
Hesp3fl 060iTHCh Ge3 KaauGpo-
BaHHBIX JIeHTENeH, Tak Kak
oGpasuoBylo annaparypy, Kak
NPaBUIO, COSAAIOT HA Mable H CpeiiHe YPOBHH MOLIHOCTH. Hpum;x—g;;g
KaaNGpOBaHHBIX JIeJMTeNneil (KOMNapaTopoB) CHHKaeT TOYHOCTH

TIOBEPKH. )
lEIOBJIeMeHTHaH noBEpKa KaJJOPHMETPHYECKHX BaTTMETPOB 3aKJIo4a

eTcsi B ONpEIENEHHH MOTPEIHOCTH €ro H3MEPHTEIBHOTO 6s0Ka (puc. 5.9)
u K, mpuemHoro npeoGpasoBaTels, OTpPeJENseMOro MOTEpAMH B, HEM H

[

Puc. 5.9. CTpykTypHas cxemMa YCTaHOBKH IS
onpeneyieHHs TIOrpeLUHOCTH HSMG]JHTQJILHOI‘O
6J10Ka KaJOpPHMETPUUECKOro BaTTMETpa.

Obpazyobeid - -Bammmemp

c 7 mmmMemp B
£ Paboud | noznowjaemod  MowHaCIYL

r -
( fff’) npoXooaued. MoWHOCTIL

i H
Puc. 5.10. CTpyxTypHas cxema yCTaHOBKH IS onpeJieJieHHsi OCHOBHOH gggfugﬂozg 1
naﬁme."rpa npoxo/isilell MOWHOCTH C HCNOJL3OBAHHEM 06pasioBoro Ba P
rJ101112eMO MOLIMOCTH.

npeneJIbHOM HeSKBHBANEHTHOCTBIO 3AMELICHHS. Ilotepu B mpeixgnn;%%ilg:
LEro TPAKTa MPHEMHOTO Mpeo0pa3oBaTeNsi H pasheMe HOC:” cucrenam-
e XapaKTeD. e O recee woroTOBIA 1 Ha Bect
B npHOOPOB, KOHTPOJHPYIOT
giﬁﬁgn alfcm;/’a-réunn NPUHHMAIOT HEW3MEHHMBIMH . B pgﬁoqlexo :]E:ggp:;
K, cunTaror oGbIMHO PaBHBIM €IMHHIE HIH G/IM3KOH K HEH Mo o or
JIHYMHE, a BO3MOXKHEIE OTKJIOHEHHS OT NPHHATOr0 SHa‘leHHﬂer(I)% ACraBIior
coboit OAHy M3 OCHOBHBIX COCTABJISIFOLKX MOTPEIIHOCTH TP p

eTpa B LEJOM. . )
" Ba'gx_[ogﬂymunorpemHOCTb BaTTMETPa l'lpOXOIlﬂLélelHO Ml%m“gig; gan;:ﬂz_
FOT 10 CTPYKTYPHOH cXeMe, NPHBEJEHHOH Ha pHC. O 1% ggcm " ng Bl
BAIOT NMOKasaHHsi pabouero BAaTTMETPa MPOXOASLIEH MOML
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HAsMH 00pa3LOBOTO BaTTMETpa NOIJIOmlaeMofi MomHOCTH. A6comorHyio
NOTPEIIHOCTh PaGOYero BATTMETPA HAXOLAT KaK PasHOCTb

A=Py— Py, (5.15)

rie Py, P, — mokasanus paGoyero BaTTMETPA MPOXOAALIEH MOLIHOCTH
1 06pa3noBOro BaTTMETPA MOTJIOLIAEMOH MOIIHOCTH.

Ecnn nokasanusi paGouero BaTTMeTpa NMPOXOASIIEHl MOLIHOCTH 3aBH-
car or KCB narpysku, 1o cxemy puc. 5.10 npuxouTCsi YCIOXKHATE.
B nee BBOAAT TpancopMATOpP COMPOTHBIEHUIT M H3MEPUTENBHYIO JHHHIO,
C MOMOLIBIO KOTOPBIX YeTanabiyuBaloT 3Hauenne KCB B npesenax, npu Ko-
TOPBIX TOTPELIHOCTE paCoyero BaTTMETPa He JOKHA TIPEBHILATH HOPMH-
pyemyto.

5.2. OCHOBHBIE MPABUJIA PABOTHI C NPUBEOPAMU MPU U3MEPEHUU
MOLLHOCTHU

CymectBytomne BarT™Merpst CBU B OCHOBHOM SIBJISIOTCS| HECJIOMKHBIMH
npuGOPaMH M CPaBHUTENBHO MPOCTEL B SKCILTyaTanuH. ONHaKo 115 noTyye-
HUs1 HanGoslee JOCTOBEPHEIX PE3YJbTATOB H3MEPEHHS HEOGXOAMMO COGIIO-
JiaTh pAx OOLHKX NPaBHII.

B npouecce noAroToBKH K H3MePEHHSIM TIpexk/ie BCETO HYMKHO ysCHHT
OCHOBHYIO L€JIb: TPeCYeTcsi JIn H3MepeHHe MOLIHOCTH, MPOXOJSIIEH B Ha-
TPY3KY, WJIH MOIIHOCTH, pPa3BHBaeMOil TeHepaToOpPOM Ha COIJIACOBAHHOM
Harpyske. KoHkpeTHbiil BUA (THIT) BaTTMETpa BLIGHDAIOT HCXOAS H3 YDOBHS
H3MepsieMOil MOLIHOCTH, JMAamna3oHa YacToT, TPeOyeMOH TOYHOCTH M3Me-
penuit, Buna CBY Tpakta, ycaoBuil skcruyaramuu.

B mpouecce namepeniii cieflyer o6pamaTh BHIMAHKE Ha TIIATEABHOCTD
coenurenuii CBU pasneMOB, BHIMOMHAEMBIX C TOMOLIBIO CTEHHAJBHBIX
Kitouel, ctpy6umH, 601TOB M NPOKJAfioK. BricokokauecTBeHHbE coenpite-
HUSL OGYCJIOB/MBAIOT COOTBETCTBME HOPMAM MOTPELUHOCTH H3MEpeHHi,
a TpH GOMIBLIMX YPOBHSIX MONIHOCTH VMCKJIIOYAIOT OTAcHOE JUIsi ONepatopa
H3/y4eHHe U3 HeIUIOTHBIX COEJMHEHMI].

HeoGxonnMo H36eraTb no BO3MOXKHOCTH NMpHMEHEHHUs] THOKHX COefHn-
HEHHH, BHICOKOYACTOTHBIX TNePeXojoB, TpaHcpopMaTopoB u  KaGedeit,
TaK KaK OHH MOTYT MPHBECTH K YBEJHYEHHIO TIOrPELIHOCTH 38 CYET YBEIH-
uennst KCB u notepe. B cilyyae npUMEHEHH st TAKUX 3MEMEHTOB HX norepu
u BHOcuMbii KCB HyxHo yunteiBate. He crenyet nonyckars KPYTHIX Ilepe-
ru6os ru6kux CBY TpakToB u Kabeneil, TaK Kak 3TO TAKME CKA3HIBAETCS
Ha notepsx 1 KCB.

Hro6b1 H36ekaTh BLIXOAA M3 CTPOST NPHEMHOTO IPEOGPa30BATENS BATT-
METpa, HEJb3fl NPEBHILATL JOMYCTHMbIH YPOBEHb MMIYJIBCHOH MOLIHOCTH
TPH M3MEPEHHH . CPEAHETO 3HAYEHHST MOLIHOCTH HMIYJIBCHO-MOMYJIHPO-
BAHHBIX KOJIeCaHUl Jlaxe B clyyae, €clH CPEJHAs MOLHOCTh Gyner B Jio-
NYCTHMBIX Mpejiesax.

Brik/iouate BarTMETp ClefyeT TONbKO mocae cHsths CBU  wmom-
HOCTH.

141




Lt

5.3. CNOCOBbL] NOBLILLEHXA TOYHOCTH W3MEPEHUA

TTOBHILLATE TOYHOCTH H3MEPEHHH MOXKHO YMEHBILIAs] NOTPELHOCTH H3Me-
PHTENBHOTO 6JI0Ka, YUHTHIBAS NOTPEWHOCTE, 0GYC/IOBJCHHYIO OTPANCHHEM
MOIHOCTH OT BXOJA BaTTMETPa, HCNONb3Ysi HACTPOEUHBIE yCTPOHCTBA M
YUNTLIBAS TIOTEPH B HHX, a TaKKe KalnGpys NpHEMHbIE npegﬁpasosa'remj
WiH paGoyne BaTTMETPhl B LEJOM C TIOMOLIBIO Gonee TOYHO# O6GpasLOBOi
annaparypsi.

soro Gnoxa

534,V norp P

TorpemHocTs M3MEPHTENBHOTO GIOKa (uHCTpyMeHTabHAR norﬁpem-
HOCTB) SIBJISIETCS YaCTHO! coCTaBJIsioLeH OCHOBHOH TIOTPEILHOCTH TpH opi:
B psile BaTTMETPOB NOTPEIIHOCTb H3MEPHTENBLHOIO 6.10ka MOXHO ymeno_
MKTH NpUMeHsisi Gosee TOUHbIH BHELHMH MHIMKATOp (umdpoBoil v I

P B 7 fpuemdsid Ep ey
nocmonriozo moxa 0 M3-22 7

P 1T

P

Puc. 5.11. Vicnosib3oBatie TIOTEHUHOMETPA NOCTOSHUOTO TOKA /I H3MEpeHus saMenla-
0IEeA MOLIHOCTH.

TEHIHOMETPHYECKHIH), 8 TAKXKe BBOJIS MOTPaBKH. Hanpumep, B TepMHCTOP-
HbiX BaTTMeTpax M3-22 n M4-3 mOTEHIWMOMETP MOCTOSIHHOIO TOKA MOXKET
6LITh HEMOCPEJCTBEHHO TMOAKIMIOUEH K KJICMMaM «pabounit TepMICTOpP»
(puc. 5.11). Beanuuny 3aMelaoieil MOUHOCTH B MHJIJIMBATTaX PacCuHThI-
BAIOT B 3TOM CiyyYae mo ¢opmyJe

Poan = (wl — Uzz) 10%/Rye,

rpe Uy, U, — nokasaHHs NOTEHIHOMETPa IO H MOC/e NojduH Ha npeo6pa-
3opatenr CBU mommoctH, B. )

Hicnoap3ys uudpoBoii OTCYET, HHCTPYMEHTANBHYIO NOTPELIHOCTD MOXK
HO ymeHbwirms o 0,5% M MeHee, a MPH M3MEPEHUH 3AMELIAIOLIEH Mol
HOCTH C TIOMOIIbIO TIOTEHLHOMETPA MOCTOSIHHOTO TOKa BTOPOro Kjacca —
o 0,1%.

(5.16)

5.3.2. Koppekuus noKasakuis BaTTMETPa C Hensio yuera norepb
3a cyer OTpa)keHMs OT EXOfia BarTMeTrpa

Kak yXe yKaseBajoch B IM. 2, COOTHOLIEHHE MEXJY MOLIHOCTEIO,
pasBHBaeMOll reHepaToOpoM Ha COrJaCOBAHHOM Harpyske, MgLLlHOCTI;lO:
H3MepeHHOl BaTTMETPOM TOIJIOLIAIOWEre THNA P/K,, MOXeT GbITb Mpe;
CTaBJCHO yPaBHEHHEM :

Py | l_rr Pn |n

Lo LTty (5.17)

Peoen=
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Tone3ysick STUM YpaBHEHHEM, MOXHO ONpPeNeIUTh MOLHOCTE NPH YCIOBHH,
€CJIM M3BECTHbI MOAYAM H (asel Ko(hULHEHTOB OTpaXKeHHsl reHepaTopa H
BaTTMETpa.

OnHako Ha MpPaKTHKe Yallle BCETo GbIBAKOT H3BECTHEITOJIBKO MOMYIH
KO3(pHIMEHTOB oTpakenus. B 3ToM cilyyae BENMCASIIOT NOMPaBOYHbIf
MHOXUTeNMb my = 1/(1 — | Ty |?) k pesynbrary usmepenns Py/K,,
BBEJICHHEM KOTOPOIC YYWTHIBAIOT NOTEPH MOLIHOCTH 33 CYET OTPaKEeHHs
oT BXOZa BarT™meTpa. Ilpu Manex sHaveHnsix 'y nonpaBouHbIi MHOMXHTEb
pasen 1 4 [T 2. - :

Tlocne BBEREHNs MONPaBKKM Pe3yJbTaT M3MEpEHHS GyJeT OTJHYATHCS
OT Pegr; Ha BEJIMYHHY TIOTPELHOCTH PaccorJacoBaHus, T. e.

Space = V|1 =l P —1.
MakcuManpHOe 3HayeHHe TNOTPEIIHOCTH PACCOIVIaCOBAHHSAI COCTaBUT

1

8 =—— 1 =42|[.|IT].
'pacc MaKc (lﬂ:|1‘r“ral)n = I .” a'

TorpewmxocTb paccornacoBaHUs MOXKHO TaKKe ONPEAe]UTb M3 Ipadmka,

* IPUBEJIEHHOro B npujoxkenun (puc. I1.10).

‘

533. M

(5.18)

(5.19)

L P YCTp!

C noMOwpbIO HACTPOEYHBIX YCTPOHCTB (TPaHCGHOPMATOPOB COMPOTHE-

* nenuil) CBONAT K MHHHMYyMy OTpaeHue oT BXoja BarTtmetpa (I'y ~ 0).

CJ1e€I0BaTENbHO, NPAKTHYECKH HCKJIIOYaIoT TNOrPEIIHOCTh PaccoriacoBaHus,

o
3

7
N Tpancpop P L1
@.{Z} O | ‘conpornubrenusn | U

-

Puc. 5.12. CtpyxTypHas cXeMa H3MepeHHs: MON{HOCTH HCTOMHHKA C MCNOJIb30BAHHEM
HACTPOEYHONO YCTPOHCTBA.

B stom cnyuyae Tpancdopmartop (prc. 5.12) comecTHO ¢ BaTTMETPOM Tpel-
cTaBIsieT c0G0i COTJIaCOBAHHYIO HArPY3KY. MOLIHOCTD HCTOYHUKA, OT/@Bae-
Masi B COIJIacOBaHHYIO Harpysky, paBHa -

Peors = Py (1 + a)/K,, (5.20)

TZie @y — KO3QQUUMEHT, XapakTepusyroumii NoTeps B Tpancopmatope.
PaccMoTpHM CXEMY YCTAHOBKM ISl M3MEPEHHSI MOTeDh H ydeta HX
TP U3MEpeHHH MOWHOCTH (pHc. 5.13). YeTanoBKa COCTOMT 3 reHepaTopa
CBUY curnana I, ciereMb! cTabuIu3amnym ero YpoBHs 2 U 3, CHCTEMBI MHIN-
Kaluy OTpaXeHHOH BOMHbL 4, 5 H BEIXOJHOTO UHAKKaTopa 6, 7.
BbIXOAHYI0 MOLHOCTL CHTHajla TeHepaTopa yCTAHABAHBAIOT TAKOM,
4TOGkI 06eCcneunBATh PeXUM PaGoTl NETeKTOPHBIX TOJOBOK 4 n 7, c00T-
BETCTBYIOLHI KBapaTHYHOMY YYacTKy XapakteprucTHKH. Jlo nogauu CBU
CHIHa/ia HANPAB/ICHHbIH OTBETBHTENb COENMHSIIOT C 00PA3LOBLIM HACTPORY-
HBIM YCTPOHCTBOM § M OCJIE NOAAUM CHI'HAJIA ETO HACTPAHBAIOT HA MUHHMYM
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OTpaxeHusl MO NOKAa3aHWIO M3MEPHUTENbHONO YCHIHTENS 5. l/lcnogl;g;;
PYYKY YCTAHOBKH yCHJIEHMsI, yCT%HaBJmBalOT yAoGHLI ONOPHEIH Yp
BHOMY YCHJIMTEJIO 6.

" His’,]::ggrincxemi 3l!xc.moqalcn' TpancopMaTopel @ ¥ b, U3 KOTOPhIX b
sBasieTcss HenbTyeMuM. Hactpojika Tpancgopmatopa b IO/KHA COXpa-
HATBCS TAKOH, KakKoil OHa ObLia NMPH W3MEpeHHH MOLIHOCTH. Ha;TpaMBaij
TpaHcdopMaTop a, CBOAAT K MMHHMYMY NOKasaHue HHI[HKa;Opa , lrroafgr
OTBETCTBYeT MHHUMyMY oTpaxkeHusi. IIpn a1OM 110 npHGOPY 6 OTCUHTEIB

5 6
3 * * ¥ ycu//umubmﬂ Yeunumens $

uMepu 7/

! LK Kanubpobra
: : —_— -—

(c8) HH
o

| o H

&

OCUHOM YCTPOICTBE:
.ypHas cXeMa jJisi H3MepeHusi ToTepb B HACTP

Puc. 3.15. CWYKTYI) X fictBa, H3 b — HCIEITYeMOe HaCTpoeJHOoe
YCTPORCTBO.

a b, v-—'u" Lie P

notepy B jeunGesax, €M lukajga OTrpajyHpoBaHa B Jeunbenax, M
BLIUHCJSIIOT, HCXOLS H3 COOTHOLIEHHS YPOBHed, no dopmye

ay = 10Ig (A/A5), - 5.21)

rae A;, Ay — NOKa3aHUA H3MEPHTEIBHOTO yCHINTENS 6 IO M TOCJe BKIIO-
yeHHs yCTpoiicTBa a u b. )
’ Hoycmf 3TOro TpaHCHopMaTop @ 3aMEHSAIOT Ha C U Hac'rpansa‘;m Ha MK
muMyM oTpaxkenus. CHOBa ONPENEsIOT NOTepH 1o nputopy 6. A Haa;BOar::
HYIO TIpOUENypy TOBTOPSIOT € TpaHcopMaTopaMu a u ¢, HacCTp nBan o
TAK XKe, KaK 1 HCTuTyeMplil b. B pe3ysbTate 3MEpEHHH TosyuaeM Tp
3Haqul:Iﬁ noteps. Ha OcHOBe 3THX 3HAUEHMH COCTABIAIOT TPH JHHEHHBIX
aBHEHUS:
» Qg + @ + 0= Amm
0+ ay + oy = Bau,
Qg + 0+ ag = Cax
— motepd B HacTpPOEYHBIX yerpoitctBax; A Baus

(Flle s S e pelwyB KOTOPHC, MOXHO OIMNpEeAeJHTb

Cgn — DE3YJBTaThHl usmepeln-ml"l),
NOTEPH B KAXKJIOM M3 YCTPOJCTB:
AHM_BHH_I"CHH . o,
Oge=—""o  » Uub 2

CHE+BHM_AHH

_ Ayt Bun—Cunt . —

Qe =
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Hanpumep, e Auy = 0,1 1B, Byy = 0,11 1B, Cry = 0,09 1B, o
Ay, = 0,04 1B, @y = 0,06 1B, a,, = 0,05 nb.

Ecan notepu onpeniesiens: B feunbenax, 1o B Bhipamenue (5.20)
TNOJCTAB/IAIT 3HaYeHHe | + @y, HafineHHoe n3 cootHowenus 1 + a, =
= 10085/'®_ Criepyer otmeruts, 4To B OMHMCAaHHO YCTaHOBKE MOXKHO He-
NOJb30BaTh CePHIHbIE Pe(IEeKTOMETPH], JOTOJIHEHHBIE COOTBETCTBYIOWMMH
TpaHcdopmatopamu conpotubsenyii. [lotepu B coracyrommx Tpancop-
MaTopax MOTYT HMETb HEMOHOTOHHYIO YAacTOTHYIO 3aBHCMMOCTDb. Iloztomy
H3MepATh MOTEPH HYXKHO Ha paboueit yactore.

=

5.3.4. Yyer Pb B Ebl

M

Kak npaBuio, npyu u3mepenuu MouocTH Haberaior npumerenust CBU
nepexofioB. OIHAKO MHOIJA MPHXOIMTCS H3MEPSATb MOMIHOCTH HCTOYHHKA,
MMEIOIIEro, HAaNPUMEp, BOJHOBOIHLIH BBIXOJI, C MOMOLIBIO BATTMETPA C KO-
aKCHAJNbHLIM BXOJIOM, M HaoGopor. B 3toM ciyuae pns coemyHeHns BatT-
MeTpa ¢ HCTOYHHKOM MOIIHOCTH HEOOXOAMMbl Nepexofinl. TarKe He Beerza
MOKHO HCKJIOUHTb TpPHMEHEeHHe KkabGesnefi. JlioGoii mepexos mau kaGenb
BHOCHT MOTePH H, KaK NpPaBUJIO, JOTIOJHHTENBHOE paccoracopanne. ITos-
TOMY, YTOObl COXPAHHTb WJIH NOBBLICHTH TOYHOCTb M3MEPEHMH MOLIHOCTH,
HYXHO MCNOJIB30BaTh NEPEXOMIbl B COYETAHHU ¢ TPaHChOPMATOpaMU H yuH-
ThIBATh TOTEPH B HUX. . .

Onpezensits nolepn B nepexoie H TpaHcPOPMATOPE MOMKHO € TIOMOLIBIO
CXeMel, NPHBEJEHHOl Ha puc. 5.13, B KOTOPOIi BMecTo YCTpoHCTB a, b, €
CJELYeT BKJIOYATb COYETaHHsi «nepeXol M TpaHcgopmarops. MeTomuka
OTpeJieIeHHs NOTePh AHAJIOTHYHA MeTONMKE, ONHCAHHOH pamee.

Honycrimo Hekotopoe ympomerie metomukn. IIpn 3ToM H3MepsiioT
NI0TEpY B IBYX MOC/CAOBATEJBHO BKIIOYEHHBIX COUETAHHAX @ U b, a 3aTeM
pesysbTat uaMepeHuii geasit nonosnam. Ilpu sToM npuEMMalOT, yTO 06a cO-
UETaHHs «MEPEXOJi H TPAHCPOPMATOP» MICHTHYHE MO NoTepaM. Bee ckazan-
HOE 0 Mepexofiax MOXHO NOMHOCTBIO oTHecTH K CBY kaGensim. Tlpu stom
CJEAYeT YUYHTLIBATD, Y10 MOTEPH B Kabelsix 3HAUHTEJIBHO GOJbLUE U 3aBH-
CAT, NOMMMO BCETrO, OT CTENeHH HX M3ru6a Npu SKCILTyaTalHi.

5.4. OCOBEHHOCT M3MEPEHMS MOLLHOCTU NMPH MCNGNL30OBAHUM
BHELLIHMX OCAABMTENEM

Parnee Gbl10 NOKa3aHo, YTO AHHAMHYECKH JManasoH BaTTMe1pa MOK-
HO paciMpuTb, HMCTONB3YSl JENWTENH MOWHOCTH (ATTEHIOATOPH) M Ha-
TIpaBJIeHHbIE OTBETBUTE/H. OfIHAKO 3T0 NPHBOJINT K HEXenal €JIbHOMY YBeJH-
YEHHIO NOrpeIlHOCTH H3MEPERH S H3-3a IOTICIHHTEIBHOTO PACCOTIaCOBaHHSI,
BHOCHMOTO 3THMH 3JIEMEHTAMH, M M3-32 KOHEYHOH TOYHOCTH, C KOTOpOii
M3BECTHO BHOCHMOE HMH 3atyxaHnue. [Tokaxkem B 06LieM BHIE, HACKOJBKO
YBEJIHYHTCS NOTPEILHOCTb PACCOrIaCOBAHMSA 10 CPABHEHHIO C TOTpelIHo-
CTBIO, KOIla OTCYTCTBYET JEJIMTENb MOLIHOCTH.

Peliasi ypaBHenust, ONMChIBaIOWme rpad CXeM, TIpHBENEHHON Ha
puc. 5.14, nmeem
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Unan = UeKeps _(6.22)
Kygep = Kes/(1 — T lay — Delppy — K&l s + L[ glpelppy) HIH
Kuep = K“/[(l - FPI‘BX) (11— rnanx) et KCZBI‘I.I‘,], (523)
rae K¢ — KO3pULUMEHT CBA3H, H BBOAS oGo3HaYeHH A
Pnan= I Unan Izlzon = IKnep lzl Urlzlzom
Porp= | Knep [ | U, Pl Iy F/Zo.m‘ Pogrn=| Urlnlzom
MOXXHO 3anHcarb

IKCB l’(l_l PB lz) (5.24)

P5=Pnan‘_PoTp=Pcorn I(l—rl‘rnx) (l—I‘B rnmx)_xgg I Ty 2 s

roe Py -— nokasaHWe Bat-

7T Tox [Tenumens wouiloux 13[ gamm-]  Tmerpa.
8y o ey mermp C yuetoM moTepb 3a CyeT
= OTpaeHHs] TOrpellHOCTh pac-
COIIACOBAHMST COCTABHT
Ur Kt Unan
Puc. 5.14. CTpyXTypHas €XeMa uaMe-
Toe Jauix PeHHs MOUHOCTH C MCHOJIB30BARHEM
Keg " penurened u ee rpad.
6. — ——Pn 1=
P2 Peoru| Kenl®
! 1. (5.25)
.

= U —TyTox) (1—Tp Tyux) — K2, Ty Ta I?

MOYKHO NOKa3aTh, 4TO TIpH MajioM Ko3dduimenTe Kcp 1 MATbIX 3HAUCHHAX
K03hHIMEHTOB 01paXKEHHI
8 pace maxe =~ £ 2| Tel [ Tox| = 2| Ta | [ Prux | - (5.26)

U3 Boipaxenus (5.26) CiaefyeT, YTO MAaKCHMalbHAd NOrpelHoCTh
PACCOIVIACOBAHHS! YBEHUHBAETCS NPH BKJIOYEHHH JIeIHTENS MOIIHOCTH
Me reHepaTopoM M BaTTMETPOM.

Wgﬂanor%qno MOMHO IIOKa3aTb, YTO MaKCHMajbHas norpeulinom'b
PACCOTJIacOBaHHSI TIPH HCNIOIB30BAHHH HAMpaBJCHHEIX OTBETBHUTEJIE

apaccum«::imFn”rlsli2|rzl|PB|. (5-27)

re 'y — KO3(bGHUNEHT OTPaXKeHUsI HAarpyskH OCHOBHOTO TPAKTa; r,—

3¢¢exnrusﬂb1ﬁ KOhGHIMEHT OTPAXKeHHs] HANPABJEHHOTO OTBETBHTEIS,

NPHGIHKEHHO paBHbIR KO((hHIHEHTY OTPaXKEHHsi Ha BbIXOJE OCHOBHOTO

TpaKTa HanpaBJeHHOro O1BEIBUTENS ILIIOC ‘1/N (N — HanpaBJeHHOCTb

oTBeTBUTENS B pasax), I's — KOI(QPHLMEHT OTPaXeHHs Ha BBIXOJE BTO-
BUTEJIS.

MYHOTO TPAKTA HanpaBJEHHOro OTBET ]
P I_Ior‘peEUHOCTh 113-33 HETOYHOCTH KaiuOPOBKH OTBETBHTENS WIH aTTe
HioaTopa mO oCNaCIeHHIO TPH HCIOJB3OBAHHH oGLIYHOH annaparyphl
(zanpumep J11-3) cocaBaser okoao 0,3 b (~7%).
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3AKNIOYEHUE

Byproe passuTHe palMO3MEKIPOHMKH M BHEADEHHE B MPOH3BOJCTEO
2BTOMaTH3MPOBAHHEIX CHCTeM BBUABHHYJH Psifi HOBBIX TPOGJEM B 06JacTH
usmeperuit CBU MoOmHOCTH, pelieHne KOTOPHIX TPEGyeT 3HAYHTEIbHEIX
yeusmmii cneumaiuicroB. Crolla OTHOCHTCS Mpexzie BCEro CO3JAHHEe aBTOMa-
THYECKHX BaTTMETPOB Ha cpelHue W GoJbllne YPOBHH CO BPeMEHEM ycTa-
HOBJICHHS! NOKasaHMil nopszuka 0,1 ¢ ¥ MeHee ¢ LMGPOBEIM OTCYETOM, TIPH-
TOJIHBIX KaK LISl aBTOHOMHOTO HCTONb3OBAHMS, TAK M JUISl BCTPAUBAHUS
B aBTOMaTHYeCKHe KOMIJIEKChl. CyIecTBYIONIME BATTMETPEI CPEAHHX W GOMb-
LIMX MOLIHOCTeH MOIJIOLIAIOUIEro THNA SBIAIOTCS IVIaBHEIM 06PAa30M TEIJIO-
BbIMH H 06J1aJIal0T 3HAYHTEJIBHOH MHEPIMOHHOCTBIO.

Peenye npoGreMs aBTOPHI BHAST B PE3KOM CHUMEHHH WHEpPIMOH-
HOCTH TEIJIOBHIX BAI1TMETPOB 33 CYET NPHUMEHEHHsI TJIEHOYHBIX MOIVIOTH-
TeJieH Ha MOJIOXKKAX € BBICOKOH TENJIOTNPOBOAHOCTEIO, 8 TAKXKE B CO3JaHHH
MAaJIOMHEPLHOHHLIX TpeoGpasoBatesiell MpoXoAsie#l MOWHOCIH, G43upyio-
LIHXCH HA Pa3iMYHBIX 3¢xpeKTax B TBEpAOM TeJe.

Bropoit BaxHo#t npoGnemoii sIBAsieTCS CO3JAaHMUE HMMYJBCHBIX (ITHKO-
BbiX) BATTMETPOB, paGoTalOMX B LIHPOKKX AMANAa30HaX YACTOT H YPOBHeil
MOIIHOCTH € norpemwHocteio 4—10% . Yacto ncnoab3yemerit Meton onpene-
JIEHHs] MMMNYJIBCHOH MOLUHOCTH Pa3iHYHEIX PaJIHOYCTPOHCTB MO CPEHEMY
3HAYEHHIO MOLLHOCTH H CKBaXXHOCTH SIBJISIETCS COBEPLIEHHO HE TPHIOAHBIM
LIS cyyasi KOJO-MMINYJBCHOH MOAyasiuuu. Peienne npoGiaemsl ciaenyer
HCKaTh B pa3paboTKe HOBbIX JIETEKTOPOB Ha OCHOBE 3((EKTOB B NOJIYNPOBOJ-
HHKOBbIX, (pepPOMArHUTHEIX MATEPHANIAX, TMPOIEKTPUKAX H T. 1., a TAK-
e B CO3J]aHHH aBTOMATH3WPOBAHHBIX YCTPOHCIB, MO3BOJSIOLUX OLICTPO
@HaJN3HPOBATh NAPAMETPH HMIYJIbCOB H ABTOMATHYECKH BBOJMTDH MOTMpPaB-
KH B IIOKa3aHUsl BATTMETPOB CPEHEH MOIIHOCTH.

Tperbeit npoGiemoit ABISIETCS CO3JAHME BHICOKOKAYECTBEHHBIX MAJIO-
raGapHTHBIX BATTMETPOB_MPOXOSALIEH MOLIHOCTH, NMPHIOHEIX 4TS BCTpaH-
BaHMsl B aBTOMATH3HPOBAHHbIE CHCTEMEI, & TAKXe B JPYIHe pajHoyCTpOii-
CTBa LIl HENPEPBIBHOTO KOHTPOJISi MOIIHOCTH, NPOXOJSILIEH B HArpysKy.

Haxkomen, He MeHee BaXKHO CO3[alb ABTOMATH3HPOBAHHLIE CHCTEMbI
LJ1sl NOBEPKH BaTTMETPOB MPOXOJsLEH M MOIVIOLAEMOR MOIIHOCTH, B TOM
UHCJIe UMNYJIBCHOH (MHKOBOH). CyIecTBYIomue MeToibi IOBEPKH IPOMO3JIKH
H CBf3aHbl ¢ 3aTpaToif Gosbluoro BpemeHn. Pemenne 310l npoGaeMs: Mo-
KeT OHITh pa3fieleH0 Ha YeTelpe 5Tana B NOpPSKe™ WX BasKHOCTH:

1. Coananue cucrem Jjis noBepKy paGounx BaTTMETPOB TOIIOLIaeMOit
MOLIHOCTH MAJIOrO W CpejHero ypoBHs. 2. Co3jlaHHe CucTeM LISt IOBEPKH
PaCoynX MMIYJIBCHEIX BATTMETPOB MAjloro H CpejHero ypoBHs. 3. Cosfia-
HHe: CHCTeM JUIfl IOBEPKH PaGouMX BATTMETPOB NpPOXONSALIEH MOIIHOCTH.
4. Cosnanue cucTeM IUTsi TNOBEPKH  paGodnx BaTTMETPOB NOIVIOLIAEMOi
MOIIHOCTH GOJIBILOTO YPOBHS.

TnaBpasi TpynHOCTB, KOTOPYIO CJIeflyeT OHIATH NPH PELICHHH STHX
3ajiay, cBsisaHa C aBTOMaTH3auMedl mponecca mamepenuil, ¢ coXpaHeHHeM
XapaKkTePHCTHK YCTPOIICTB B T€YEHHE JUIHTEIBHOTO BPEMEHH W C Tpob.ie-
MOH KOHTpOJISi JIOJITOBPEMEHHOH CTaGHIbHOCTH XapaKTEPUCTHK.




le

Mpunoxenue 1

ONPEAEAEHUE NOrPELUHOCTH PACCOTSTACOBAHMA MPU WU3MEPEHWA
NPOXOAALLEA MOLLUHOCTH C NOMOLLIBIO BATTMETPA
C NOTOLAIOLLEA CTEHKOH

O6LIusO BaTTMETPH C MOTJIONalomed CTeHKO# Kaanbpyor Ha OnHOM WK He-
CKOJIbKHX uacTotaX paGouero auanasoHa. s KaJdHOPOBKH NpPHMEHSIOT 0o6pasloBhLe
cpe)xc-ma, ABJAAIOIHECS 3KBHBAJIEHTOM COTJIAaCOBAHHOH HATpY3KH. I'I]u)u KﬂJIH6pOB-
Ke HaXOLAT KO3(HIHEHT 30HAOBOTO YCTpofictBa N 3, ONpesie/sieMbld OTHOLIeHHeM

Ny 5= Pcoral Po»

rae Pcorn — MOIMHOCTB, NPOXOAsAN(As B COMIACOBAHHYI0 HArpysKy; Py — MOImMHOCTD,
pacceuBaeMass B NOTJIONAIOMIEM OTpe3ke BAaTIMETPa npoxoasimelt MONHOCTH NpH CO-

ryacoBaHHOA Harpyske.

X; X2 Ux (Ix)
Haepyixka -j7x 1
Bammmerm, Ure
(EZU) Ao enouaged vor - Unad
~ir cmenkod I I , \e'j 2\ T,
1 -
e'J?’(l"‘)

Puc. [1.1. Ynpouenaufi rpad 5]EKTPHUECKOH CXeMH H3MEPeHusl NpOXoAsmed moml-
HOCTH METOAOM TOTJIONLAIONIEH CTEeHKH.

Ecau npu HamMepeHHH MOMHOCTH, NpoXoAsmed B AaHHYIO HATPY3KY, YIHTHIBATH
3T0T K03)pHLUHEHT, TO NOTPEIIHOCTD PACCOTIACOBAHUSA COCTABUT

apacc=(PNH s/ Pr)—1, [38))

rfie P — MOLIHOCTb, NOIJIOMEHHAsl B BaTTMeTpe NPOXOAAMEH MOIHOCTH NpH AaHHOR
Harpyal(e; PH — MOIOHOCTb, NPOXOAAINAS B JAaHHYIO Harp¥3xy.

nDJleyﬂCB OCHOBHRIMH ypanﬂem{mvm JJMHHKX JJHHHH H JONYyCKas, 4TO conpo-
THBJIEHHE YUACTKa JIHHHH C NOTEPAMH SBJISETCS AKTHBHLIM, 3 MOTEPH B JIMHHH MAJR
no CpaBHeHHIO C MOIIHOCTEIO, npoxo;mmel'{ B HarpyskKy, MOXHO Bl:_lpaﬁHTb MOIMHOCTD,
paccemaaemyno B mnorJjomaumem OTPESKE BaTTMETpa npox'onﬂme}{ MOIMHOCTH, MOI-
HOCTD, NPOXOJIAMYIO B AAHUYIO HATPY3KY, H KaJHOPOBOYHEI xoadepunuent (puc. I1.1)
KakK

sin y (xa—x)
P=(| Unanl®/Zon) R {l‘l' ITe 2421 g | cos [29I—7 (xi+x3)— o] }.

¥ (re—x1)
(11.2)
Pr=|Ugan|®* (1—ITx *)/ Zoa, (11.3)
Nxs=Zo/R, (11.4)

rae P

Unga=Us/(1— Ty Fae =12); i
Up — HanpsiXeHHe reHepaTopa, MepecaHTaHHOE B IJIOCKOCTb HAYasa OTPesKa JIMHHH
C TOTEPSMM; I'r, I‘.H — KOMIJIEKCHEIE KO(HIHEHTH OTPaXKeHHsi reHepaTopa H Ha-
rpyskn; Ty =|Tg| e/ ¢ = 2nfA; Zoy — BONHOBOE CONDOTHBJEHHE JIHHWH
nepefaun; R — CONPOTHBJEHHE MOTJIOMAIONIEr0 yIacTka, x3 — ¥ — JUIHHA mOTJIO-
IAIOMEro yyacTxa.
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Mopcrasus (I1.2)—(I1.4) B (II.1), noayuum
sin y (xa—x1)

14| g 2+2| T | cos [2p1—7 (x1+ %3) — @]
¥ (¥ —x)

1Ty

Ecnu npu xanu6poBKe M H3MEPEHMSIX BHINOJHSCTCS YCJIOBHE

Space= —1. (11.5)

X3— X1 ="ndgan/2,

vle n =1, 2, 3, ...; Agan — AJHHA BOJIHB, Ha KoTopo#t KanuGpyoT npubop, TO
sin y (%3 — x;) o6pamaetcs B Hynp H Brpaxkenue (I1.5) ynpomaercs:

Bpaco=2| T [*/(1—| Ty [2). {1.6)

U3 Bupaxenus (T1.6) crexyer, uto mpu ajuHe NOrJomaloniero sJeMeHTa, KPAaTHOR
3HAYeHHIO Agan/2, NOrPelIHOCTh, O6YCJIOBJEHHASE PACCOTJIACOBAHHEM, He SaBHCHT
OT MECT4 PACnoJIOKEHHs NOTIJIOMWAIOMEr0 3J1eMeHTa OTHOCHTEJILHO HArPy3KH H dasnl
xo3QduLMenTa OTpPaXMEHHsI Harpysku ¢. .

Taxk kak TIOTPelIHOCTD B 3TOM CJ1y4Yae TOJIbKO NMOJIOXKHTEJIbHA, €e MOKHO YuecTs,
€CJIH H3BECTHO 3HAYeHHe MOAYJs Kos(pduunenta orpakeHusi. Jlng 3T0oro pesynbrart
H3MepeHHs CJleflyeT YMHOXHTbh Ha Ko3bduiuenT

my=(1—|Tg ®)/(1-+| T [?). (11.7)

MaxcumanbHoe 3HaueHHE MNOrPelHOCTH, OGYCJIOBJIEHHON PAacCOrIacoBaHHeM,
TIOJYYaeTCH TPH YCJOBHH X3 — %3 KA, T. e mpH 29 —y (4 4 x) — 9= 0;
nn (n=1, 2, 3 ...). B 3toM cayuae

8pace manc+=2I T l/(1—| Tul), Spaccmarc~=—2|Txl/(1+ITx}). (I1.8)

NorpemnocTv B mojoce wacToT. PaccMOTPHM, XaKuWe MOrpPemHOCTH CJlefyer
OXHJATb B Cjyyae PaGOTH BATTMETPa B OTHOCHTENbHOM mosioce uactor +A; H ero
Kajiu6poBKe Ha CpeAHed JUIMHE BOJIHH, YUHTHIBAs IPH 5TOM COOTHOLIGHHE MEXLY
IHHOM BOJIHEI B NEPe/lalolieM TPaKTe U CBOGOAHOM NPOCTPAHCTBE.

A. Jlna npHOGOPOB € KOAKCHAJBHEIM TPAKTOM. I1OJIb3YACh COOTHOIMEHHSAMH

Fuasc="Fcp (1 +An). fyme=Fcp (1—Ag),
Munr=Acp/(14-Ag), Amaxe=hcp/(1—Ap),

MOXHO NOKa3aTh, YTO MaKCHMajIbHOe 3HaueHHe NOTPEHOCTH B NOJOce 4acTOT Ap
GyneT HMaXoAMTbCA B Npefeax

2| Tuf? + 2| Pyl sins (1—Ag)/s (1—Ay)

(11.9)

6paccmmc= 1—|Tgl? .
- H
2|Tq[® & 2| Py sin s (14-An)/n (14-Ay)
1—|Txl® - . (11.10)

Ecan BBeCTH MONPaBKy K MOKa3aHMsAM NPHGOPA HA cPeAHed YACTOTE, TO MAKCHMAJb-
Hasg JONOJHHTEJbHAs NOrpemiHoCTb, uﬁycnoaneﬂﬂau paccoryiacoBaHu€M, COCTaBHUT

2| T | sin 7t (1 —Ag) /st (1—Ap)

6]‘)acc make = £ [

1—|Ty[?
... 21 Tg|sin “I(I‘:'[‘An)’/ﬂ(l‘l—An) ] (L)
—| Tul

Cornacuo (1.10) u (T1.11) GonbliHe MOrpemIHOCTH COOTBETCTBYIOT AJIHHHOBOJ-
HOBOMY Y4aCTKy JHManasoHa.
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B. Ilns npu60poB ¢ BOJHOBOAHKM TPaKToM. TaK Xax JJIHHA BOJIHH B BOJIHOBO-
Iie Ap OTJIHYAETCA OT AJIHHE BOJIHH B CBOGOAHOM MPOCTPAHCTBE A, TO JUISl YNPOILEHHst
pewieHtsn ypaBHenus (I1.5) Bocnonbayemcs cooTHoLeHHEM

! :L(';Jr ! ) (L12)

"f;cp 2 \Ap MaKc Ag MHH

rae -
Mg maxe=Auaxe/ VI— (Amarc/Mip)?s
1’5 MEHE = MH/VI —(meﬁvﬂp)?.
Hs (11.12) nosyuaem
Ae maxe =23 cp(149)/2, (11.13)
Ap Mm-1=l; cp (14-9)/29,

rae g=»Ap marc/Me M- )
Ecnn xp — %3 = Apcp, TO MaKCHMaJlbHOe SHaUeHHe TNOrPEWHOCTH B NoJioce
4acToT +Ap GyfeT HAaXOAHTbCA B Npefesax

It £ 21Tl (sn ) |

5pacc MaKc = N

=T,k
2 on
2| Pul”:l:Qll"al(Siﬂ —”—)/
Itg 7l 14g (f.14)
l“‘ll‘l-llg '

Tpu BBefienHH NONPaBKH Ha CpeAHed ANHHe BOJHE MAKCHMAJIbHAS NOTPEUIHOCTD,
06yCJIOBJIeHHAsl PACCOrIaCOBaHHEM, COCTABMT

. 2ng 2y (. 2n ) 25
, B 2'P“'(s'"l+q)/1+q 21 Tal (sin 730 ./1+q _—
pacc Makc — l_ll-.ﬂl\2 s l_lrnlz (- )

Coraacso (I1.14) u (I1.15) Gosbluke NOrpelTHOCTH COOTBETCTBYIOT AJHHHOBOJIHOBOMY
y9acTKy AHanasoHa. .

Mpunoxenue 2

ONPEAENEHME NOTPELUHOCTU PACCOTMNIACOBAHNA
NPU U3MEPEHUM NPOXOAALLEH MOLLHOCTHU
30HAOBLIMM YCTPOMCTBAMU .

MeTonHKa OmpesieleHHsi NOTPEMIHOCTH AHAMOTHYHA H3JIOXKEHHOfl B MpHJONKe-
uuu 1.
Onuosouposne yctpofictea. Ha rpade snexTprueckolf cxeMm ORXHOSOHAOBOFO
ycrpofictea (puc. I1.2) Up — HampsiXenue TrenepaTropa, nepeCYMTaHHOe B  IJIO-
CKOCTb 30HJ1a (NJIOCKOCTh MONEPETHOro CEeYEHHs JIHHHH Nepefiadl B MECTe PacnoJjioxe-
HEH 30H1a); Upap — Hanpsxenue najatomedt BoJnb; In — Kospduumuent orpaxe-
HHSl TeHepaTopa, NePeCUHTAHHKA B IJIOCKOCTb 30HJA; Qm,n — MATPHUHHE K03(dH-
HHEHTHI.

YnpoctuM rpad, NONOKHB, YTO CBASb 30HJOB ¢ JHHHeH Nepenaun Mana (ay = 0
a3s = 0) H Ko3(QUUHEHTH OTPaXEHHS dgg, I's Takike npeneGpexumo Maaw. Ha yn-

150

pomeHHoM rpade (puc. T1.3) ay3—o6muit KospPuUHEHT, YUHTHBaOWHKA CBA3L
30HAA C Nafaouel BOJHON U KOSQQHLHEHT JeTeKTHPOBAHHSA; a3 — 06muA Kosddu-
LUHEHT, YIHYHIBAIOMMUT CBA3b 30HAA C OTPaXKeHHOA BOJIHOMA H K03hQHUNEHT eTeKTH-
pOBaHHA.

* Ecan perexTop Ha BHIXOJie 30HAAa KBajpaTHYEH, TO Hamnpsi>keHHWE HA Harpysxe
nerexktopa Gynet
2

Ur (219425 Ty) ={ Upan (@12 22 Tr) 12, (11.16)

Ugl=
Ul 1—Ip Ty

rae Upan=Up/(1—T1 Tg).

Ug Ur Unaa
a
Hazpysxa " a5
r Ir az as2 Tu
>~ !

Puc. I1.2. Tpad 31eKTPUTCKON CXEMH W3MepeHusi NPOXONSAIIEH MOIIHOCTH 3CHIOBRIM
MeTOZIOM.

Tak Kax 30HJ HE ABJAETCA HanpaBJIEeHHRIM 3JIeMEeHTOM, TO

13 = O3y .
|Unl=0}3\Unan 2| 14Tk 2
Momsocts CBY, paccenBaemasi B Harpyske, paBHa

Pa=[ Unag I*(1 —| T 1)/ Zga- A%
Ha (I1.16) crienyet, u4TO NPH COraCOBAHHOM Harpyske Ha- "
NpsKeHHe Ha narpyske getexropa 6ynet | Ungo | = afol Ur 2 ur 1 Unay
H MOWNHOCTb, PacceWBaeMasi B COIJIaCOBaHHOH HAarpyske,
COCTaBHT IA a5\ § T
Peorn=|Ux R/ Zon. (11.18) 1

Kanu6popounufi Ko3GPHUHEHT, YYHTHBAOWMIA ' Co-
OTHOWIEHHE MeXKAY MOWHOCTbIO Peorn H Upg, YHCICHHO
paBeH 3HaUEHHIO Ko3(duiHenTa npeoGPasoBaHMsA:

Nya=Pcorn/| Um | =1/a}3 Zox.

Puc. I1.3. Yupomen-
HEIfi TPad ONHO30H-
(1.19) JIOBOH CHCTEMEL

TMosbaysch KaaMGPOBOUHEIM K03¢dHIMEHTOM NPH HaMePEHHH MOMHOCTH, PAcCeHBae~
Moft B JlaHHOM MarpysKe, JONYCKaeM MNOTPEIIHOCTb PACCOTJIACOBAHHSA, PABHYIO

Space=(Ps/Pr)—1, (11.20)

rne -

Py=|Uyp| Ngs.
IMoacrasus B (I1.20) sHauenns Up, Nyg H Py, nonyuum
Space=Il14+-Tx[2/(1—| Tu 1. (r.2n
Tak kak I'y=|Tylel® 10

8pace={(2] 'y [3+2] Ty |cos @)/(1—[ T |2). (11.22)
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MaxcHManbHasi NOTPELiHOCTh PAcCcoryiacoBaHMsi Iojiyyaercsi npH @ = 0; an
(n=1, 2, 3...) H cocraBisieT

Space maxc+ =2 Tr |/(1—|Tx ),
8pace mavc— =—2[ Tr|/(1+I Tg ).

B 7a6a. II.1 npHBefleHH SHAYEHH§ MAaKCHMaJIBHHX NOTPelHOCTell MPH pas-

JHYHBX [g.
K usmepumens-
[ womy Broxy

(11.23)

JHlsyxsonjioBue  ycTpoficTBa.
PaccMOTPHM TOTPelHOCTb paccor-
JIACOBAHHA JIBYX30HAOBOH CHCTEMBI,
KOTia 30HAK OTCTOAT APYr OT APY-
ra Ha PpAacCTOSAHHH X H HX BBIXOJI-
Hhle CHTHaJIhl CYMMHPYIOTCS.

Ta6auna I1.1 U‘u UAZ
a, by,
Ty |%pace marc+|®pace maxc— Ur /1 edrx [, Unag
az; . My

0,05 0,105 | —0,095 I ,\ A\ i

0,1 0,222 —0,182

0,2 0,5 —0,333

0,33 1 —0.5 Puc. IT4. YnpouenHslit rpad oncTeMH H3

JIBYX 30HJIOB.

TMonaraem, 4YTO -CBSI3b 30HJOB C JHHHeil OXHHAKOBA W KBajipaTHUHEE XapaKre-
,HCTHKH‘HENKTO])OB I/IJJ.EHTK’?HHH. Hpﬂ KBaJIPAaTHYHOM JI€TEKTHPOBAHHWH CyMMa CHr-
HAJIOB HAa Marpyskax jerextopos (pHc. I1.4)

a}a | Up 2 (1 14Ty e 2¥ppt [ Vo g 1y e 17 o)
1Um |+ Up = [1— [y Ty o 122 - (129
O6o3nayum .
Ugan="Up/(1—T} Ty e~ 127%), (11.25)
Torza | Uny | +1Una |=0}3 [Unan [ [142| Tg | cos (2yx—@)+| Tx 2+
4142 | Ty | cos @+ Ty I2]= 20} | Unan [2 [1 4| Tu [2-+-2 [ Tg | cos (yx—@) cos yx].

MomHoctb, npoxoasiias B Harpysky, paBHa

Py=|Unan 12 (1—I|Tx [2)/Zox. (I1.26)
MompiocTs, HaMepeHHas MPHGOPOM, COCTaBJSET
Pa=({Um1+|Ugz|) Nxs» (1.27)
roe .
Ny s=Pcoral(l Umol‘l‘lunzol):lﬂa%z Zon (I1.28)

— KanuGpoBouHHA Ko3(pdULHEHT 30HAOBOrO YCTPOACTBA, OHpEJeNsieMulll IKCIEePH-
MeHTaJbHO TIPH COTJIACOBAHHOM HAarpyske, Pcors OWpesesisiercsi COTJIaCHO (11.18).
n()l‘pel.ﬂHOCTb paccurnaconaﬂnﬂ NPpH H3MEpeHHH npoxonnmeﬁ MOIHOCTH COC-

TABHT
8pace=[2|Tu242|Tx | cos (vx—@) cos yx] /(1 —| Tz [2). (I1.29)

Cornacko (I1.29) npu x = Ap/4 NOTPELIHOCTL He 3aBHCHT OT MECTa PACMONONKEHHS
30HJIOB B JHHHH H (a3 Ko3(PHuLHEenTa OTPaXKeHHs HAarpy3KH @ H paBHa

8pacc=2| T [2/(1—|Tx[2)s (11.30)
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Ecnv x € A, TO mpefesbHHe 3HaueHHS TNOTPEUIHOCTH, KAK H MPH ONHOM 30HJE,
6ynyt
Bpace mae+ = =% 21 Tul/(1 F Tgl)- (I1.31)

MorpewnocTs & noJoce uacroT. PaccMOTPHM NOTPemIHOCTL B HEKOTOPOR M0JI0-
ce 4acToT +Ap NMPH Kanu6pPOBKe 30HAOB Ha CPefHeR AJHHE BOJIHH, YUHTHBAf COOT-
HOINEHHE MeXAY JJIMHOM BOJIHEI B NePefalonleM TPaKTe H CBOGOJAHOM mpocTpancTBe.

A. Jlns xoaxcHaJbHHX yctpokcts. Tlospsysch cootHowenuem (T1.9),MoxHO
3anHcatb

2| Py 24-2| T ) cos [n (14 Ap) /2] cos {[x (1+£AR) /2] — @)
Space= It . (11.32)
. I_| HI
Hpnpam-lma TPOH3BOAHYIO YHCINWTENs] HYJIO, HAXOAHM, 4YTO MaKCHMaJbHas morpen-

HOCTb G6YAET NpH
eg=a(l £ Ag2+nn (n=0,1;23,..).

2|Pyf2 £ 2| Tg| cos [n (1 £+ Ap)/2]
1—| Tyl :

Torna

(11.33)

5pacc MaKc =

UTo6H YMEHBUIHTE NOTPEMHOCTE PACCOTIACOBAHMSA, -MOXKHO BBECTH NONPABKY
Ha cpefHeft AJiHHe BOJIHE (MONPABOYHKIA MHOMXHTEJD)

my=(1—|Ty [2)/(1+| T 2).

B 5TOM ca1yuae MaKCHMaJIbHAs NOTPEIHOCT PACCOTIACOBAHHS B TOJIOCE YaCTOT GyAeT

2| Py cos [ (14+Ar)/2]
1—ITql2

MaxcuManpHble  3HaueHHs  TO-
TPELHOCTH PACCOrJIaCOBAHHA B INOJOCE
'Make 4acToOT C yYeToM MNONPaBKH AJisi Cpef-
Helt YacTOTH faHH B Ta6a. [1.2.

Ecin B JIByX30HA0BOA CHcTeMe
CBA3b 30HAOB C JIMHHE# NepejauH pas-
JIHYHA H xapax'repuumm JeTEKTOPOB
HEeHJIEHTHYHH, YTO BCErja HMeeT MecCTo,
TO BHIPaxeHHe AJs NOTrpeniHOCTH pac-
COTJIACOBAHHS NMPHMET C.’leﬂyl()l.[llflﬁ BHJ:

(11.34)

’
apacc make =+

Ta6auna 1.2

[

r,=0,05|r =0,1|r,=o0,2

[}

0,0! 40,0079 40,0159 | +0,0325
0,1 +0,0156 ( +-0,0312( 40,065
0,2 40,031 [+0,0625| +0,129

o bt 4. |
a%:n {(l-H TxI2) (l + ﬂi: )+2| Tx| [cos (2yx—o)+ a%z cos (p]].

(1—[ Tg 1) (14 b120/4130)

8pace= —1,

. (11.35)

A€ ayp, b1y — KOSGOUUMEHTH!, XaPaKTEPH3YIOUHE CBA3D 30HAOB H NaPaMETPH JleTeX-
TOPOB Ha JaHHOK 4YacTOTe; @yg0, D10 — KOS(POHUMEHTH, XapaKTepHaylomue CBs3b
30H/IOB H NapaMeTpbl AETEKTOPOB Ha YacToTe KMHGPOBKK.

Yro6B HCKIIOYHTH 3aBHCHMOCTb NOTPENMIHOCTH PACCOTJIACOBAHHS OT ko03(dH-
LHEHTOB CBS3H XOTS On Ha cpeieli wacToTe (WacToTe KANHGPOBKH), KOS(MHUMEHTH
@ H b BHDABHHBAIOT, M3MEHsis TJYGHHY NOTPYIKEHHs 30HKA WJH UYBCTBUTENLHOCTb
BHIXOJLHOrO YCTPOWCTBA.

Tlpy n3MepeHHu Ha CpefHell YacTOTe, KOMA@ @43 = G190 = by5 = bygp, TO-
TPelIHOCTD ONpefeifieTcsl BEPaXeHneM, anajornyuuM (11.29):

Bpace= 2| Tr[2+2[ Ty | cos (yx—o) cos yx
ace= .
1—|Ty 2 L 4
B AHanasoHe YacTOT BRIPABHHBATH CHTHAJIKI Ha BRIXOfE 30HJIOB NMPAKTHYECKH HeBO3-
MOXHO, NO5STOMY HHOTEA HPHGBI'BIOT K YMHOXEHHIO CHT'HaJIOB C BHIXO[0B 30HJIOB.
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Tpu JuHefiHOM NeTEKTHPOBAHHH H NePEMHOKEHHH CHTHAJOB, BLIPABHHBAaHHA
curnagos He norpebyercs. B sToM cayuae

|Um | | Unal=043 b1z | Unan I |1 -+ FulX
x| 1+I"H e"'12'|”’|=am b1 | Upan |2 X
X VITFITa BT 21Tl cos 9] [1-HI Ta P42 [Tx T cos Gyx—o)l-  (11.37)

Kaau6posounnit kospduument
Nxa=Pcorn/Po=[l Ur|*1Zox]/ G120 b120 | Ur 2. (1.38)

TlorpeiHocTs PaccoryacoBaHHA

|Um | |Up2| Nxa
8 = —1. 11.39
PACC™ (Unan/ Zon) (1—1Tr [?) @3

Ecsin HaMePeHHs BelyT Ha JJHHE BOJHH kaJHGPOBKH, KOTAA @1a = G120 b1z = biav
0

14ITxl24 21T, s (yx— 1+ T2+ 2| Txlc

5pacc=V[ J-ITxl2+2]Trlcos(vx ‘P)}[ 41T 24 2| Tl cos @] —1. (11.40)
l—lrﬂ I2

Moo NOKasaTe, UTO NOFPEIIHOCTb H3MepeHHs, OOYCJOBJenHas PaccorsacoBa-

HHeM, NPHMET MAaKCHMaJpHOe 3HaueHHe NpH @ = vx/2+ nn (n=0, I, 2, )

u Gyner paBHa

2| Ty [242] Tx | cos (yx/2)
Space maxe= = l—llli‘ m e, (11.41)
H

1. e. GyJleT TAKOH JKe, KAK H NPH CJOXKEHHH CHTHAJIOB HIEHTHUHLIX 30H/0B.
Kaau6pys TakuM o6pasom mpr6op Ha HECKOJBLKHX UacToTax pa6ouero nHamna-
30Ha, MOXKHO HCKJIIOUHTH “OT peUIHOCTD, 06yCJIOBJleHHle H3MeHeHHeM CBfI3H 30HJOB
B AHanailoHe 4YacToT H HEeHJAEHTHYHOCTD xapalﬂ'epnc’mx JeTeKTOPOB.
B. Jl7i51 BOJIHOBOAHKX YCTPOfCTB. IT01b3yACh COOTHOIEHHAMH (IL.12) u (T1.13),
pupaxente ([1.29) MOXHO 3anHcaTh B BHJE N

2|PH|2+2|PH|ws—Lcus( d lp)

1+g 1+g
Space= PR (11.42)
ans MaKCHMaJ‘(bHDl’[ JJTHHE BOJIHHI,
ng ng
2| Tgl2+-2| T cos——cos(——_ )
s _'H+ ul 1+q l+q_q). .43
pacc—— I—‘I “H |2 -

I MEHHMAJIbHOM JUIHHE BOJIHEL.
MaxcHMa/IpHOE 3HAYEHHE MOTPEelHOCTH, OGYCJIOBJIEHHOE PaccOTacoBaHHeM,

COCTA4BHT COOTBETCTBEHHO
2| Ty |2 & 2 T | cos [ng/(14-4)]

6pacc MaKc =

1—|Tg 2 (1.49)
s 2| Tg? £ 2| ulcosst/(1+q)
pacc MaKe = 1—|Tx |2 .

TIpu BBeleUHH NONPABKH my BHIpaXeHHe (11.44) npumer BuA
2| Tyjcosfng/(1+q) | _2iTulcos [+ ] 1 45)
I—[Tgfd 1—|Cyl? T

8pa(:c Maxc = + [

Mo>xHO nokasarb, uTo I
ropu s o mpup”x"i‘f,ﬁ; E’éiﬁﬁu‘x‘:&ff PaceurnacoRasmz Ha Cpotel
8pacc=2|Tx [2/(1—[Tx2).

Uernipex3onniopas cuctema (puc. T1.5). YcoBHMCS, UTO @3 = byy = €19 = dyg,
(Um |=a}s | Unan 2] 1+ Py e 2¥0utratn 2,
[Unsl=als | Unag2 | 1 4T e~ 12¥5+0 2,
| Uns |=a35 | Unan 2 [ 14+-Fre 1205 |2- (I1.46)
[Unl=033 | Unan 2] 1+ T I2,
Unag=Up/(1—T¢ Iy e—l2v(xx+-\'.+x.)),

%1 Uaz UIU UJ( P
l'/”ﬂ oy o A
r/1 7 - 7 P l/ncm
5

,_ e V% ] e 9773

rt o s, o5 2N

7 7 ] 7 7
e %z PRz

Puc. I1.5. YnpomeHnsii rpady CHCTEMH H3 YETHIPEX SOHAOB

IpH CHOXeHHH CHTHAJIOB HA BHXOXAX SOHIOB ToJy9HM CJIeYIIYI0 norperm-

Space— 2|Tx[24-2| Trf €08 y (314 %2) cos {[y (x4 2xa 1 3%5)/ 21—} cos } (x,+-%a)/2

. l_l Pn I‘I
Tpumem x, = x (I1.47)
Tort 1 s H 1A YIOGCTBA BBeJieM HOBLIe OGOSHAYEHHS: X, = X3 = X, Xy = y.
Bpace _ 21T |2+2|Fg| cos px cos p(x-4-y) cos (2vx+ vy —0)
1—[Tyl2 - (11.48)

Mpu x=Acp/4, cos Px=0 8pacc=2| Iu|2/(1—| Tx [?).
TlorpemsocTe PaccorsiacoBaunsi Takofi CHCTEMH B MOJOCE YacTOT Ay COCTABHT

2|Tg([34-2| Ty | cos [ (11Ay)/2]-cos [ (1 +Ay)/ 2
+ vyl cos[n (H:Anu)+vy—[¢]( e

'Spa c=
c I—IT,le - . (I1.49)
Hs Bupaxenus (11.49) crenyer, wro npu y = 0 (puc. 11.6)
Bpace manem 21T £21 T lcost [ (1 £ Ar)/2] -
1—[T, . (I1.50)

Mepeﬂ'll;:xgmngggg:on c:g:rannmomau norpewHoctd (I1.50), BosnuKawmas npu ua
AN YETHIPEeX30H, i -
Meperuy ® Nooce y PEX30HIOBOH CHCTEMB MeHblle, YeM LJIs IBYX-
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MaxkcHMasibHEe 3HaueHHSl 3TOfl CoCTaBJsiomefl NOTPEIHOCTH — NPHBEAEHH
B taba. I1.3.

Ta6auna 113 r K uHiiL-
[\ ™,
3 7 v’_l Kamopy
A MakKc
i
ry=0,05| Ty=0,1 | I ;=0,2
0,05 | -0,0006| 40,0013 40,0027 :
0,1 | £0,0024] 0,0049( 0,010 ]
0,2 | £0.0096| 2:0,0192| 10,0384 = 7

Puc. I1.6. Cxema coepHEHHS YETBIPEX
30]{)103.

Hecomuenno, NPeXCTABJSET HHTEPEC DACIOJIOXeHHE 30HJAOB MpH x+y=
= Acp/4. B sTOM ciyuae Ha cpemHedi yacTOTe NOFPELIHOCTE no-npexueMy Gyner

paBHa
8pace=21Tx /(1 —|Txl?),

2 B moJioce YacToT oAy MaKCHMAJIbHOE 3HaYeHHe NOTPeLIHOCTH COCTaBHT
2] Ty 22| Tx cos [7t (1£An)/2—yy] cos [x (1:Am)/2] (11 .51

apacc MaKc = 1 r Ty 2
Ecan y= x = Acp/8 = A (I & Ap)/8, TO Bupamenye MIsi MAKCHMANLHOTO 3HAYE-
HHsl NOrPemHOCTH NPHMET BUI .
2|y 122 Ty | cos [ (1-:Ap)/4] cos [ (11 Ap) /2]
8pace maxc= = ) [l ( T, n')z L = . (M1.52)
- H

Coraacio (T1.52) cocraBasomas NOTPeMIHOCTH, BO3HHKAKMAs NPH HIMEPEeHHH
B NIOJIOCE UACTOT, B 5TOM caydae 6yzier Gosbire, yem nph y = 0. .

Taxum 06pazoM, pacmoJioXKeHHe 30HJOB, NOKA3aHHOE HA PHC. 11.6, sBasiercs
Goslee 1eseCOOGPA3HBIM.

MNpunoxenue 3

ONPEAENEHWE NOMPELUHOCTU PACCOIIACOBAHWA
MPY U3MEPEHUM MOLLIHOCTHM CBY METOAOM
BONIbTMETPA

TokazanHs BaTTMeTpa, HCNIOJIb3YIOINETO0 METOR BOJIBTMETPA, TponopLHOHANb-
HH KBaJpaTy B JHHHM TNiepeflayd B MeCTe paCNOJIONKEeHHs JeTexkTopa, T. €.

Po=|Unan[*| 14-Ta "/ Zoa, (11.53)
rie Upgn — HanpsixkeHHe Majaomniefl BOJHH, 'y — K03 pHUHEHT OTPaIKEHHR BarT-
Mﬂpai‘lcxonﬂ H3 rpada (puc. I1.7), oro6paxalomero cxeMy HSMEpeHHS, mosyuyaeM

Upag=Ur/(1 Ty L's), (T1.54)

rie Up — HanpsixeHHe nafaomell BOJHH Ha BEIXONe TeHepaTopa; Ty — xostduum-
eHT oTpaxkenHsi remeparopa; I'g=T).
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Tax xax momHoCTh, OTZaBaeMasi HCTOUHHKOM B COTJIACOBAHHYIO HArPYSKY,

paBua Peorn = | Ur [’/ Zoa, TO NOrpemiHoCTb H3MEPEHHS COCTABHT
8=Py/Pcorn—1. . (T1.55)
TopcraBuB 3navenne Pp # Pcopy B Bupaxenne (I1.55), mosnyunm
. __I1+Taf
TR (1.5
U 1 Vg
Puc. I1.7. Tpad cxeMu u3MepPeHHsI MOIIHOCTH MeTO- "
JIOM BOJIbTMETPA. Ry
MaxcumanpHOe 3HavueHne STOA NOTPEelIHOCTH Gyner
14 | Ty))2
. Space manc== (“B —I. n
(1 Te | Ta (-5

l'patinf&m, paccuntannue no (I1.57), npuBenent: na puc. I1.8.
Jisl yMeHbIeHHs! NOTPEUIHOCTH BATTMETPH OOHYHO KaJHGPYIOT no o6pas
10~
BuM mpuGopam (puc. I1.9). B mpouecce xann6poBKH onpefensioT HefiCTBHTENbHOE
3HaYeHHe najalomedl MOIIHOCTH, COOTBET-

d;;acc MaKG 4. CTBYIOINEE AAHHOMY TIOKAa3aHHIO KaJH-
L3 . 6pyemoro npuGopa
=033 Pron—
80 // man=Pos/(1—| Loz [?), (11.58)
L
g2 L rae Pop, T'op — mokasanme o6pasnosoro
o / BaTTMETPa H ero Xo3{HHLHEeHT OTPaXKeHHs,
]
g ~
o 7
Kanubpye
’, . Mbld
r10r 2
T8Y,
{,\,) Ir Tog — -
\roznousae-
MO
R IMow Hocrmu

Puc. I1.8. 3aBucuMOCTb NIOTPelIHOCTH
paccorsiacoBanusi o1 I's IPH pasJIHIHEX
sHaveruax Iy

Puc. I19. CtpyxktypHasi cxema wanu6-
POBKH BaTTMeTpa.

TIpH nooyepeaHOM NPHCOEJHHEHHH OGPA3NOBOTO M KaJlHGPYeMOro npuGOpoB
K BHIXOJlY FeHepaTopa MOJUIEDKHBAIOT HEUSMEHHHM YPOBeHb najamomefl MOmHOCTH.
YpoBenb najawmedl MOIMHOCTH KOHTPOJHPYIOT C NOMOILBIO HANPABJIEHHOTO OTBETBH-
Tenn (nanpapjieHHOCTb He MeHee 25—30 1B) u mHmuKaTopHoro ycrpofictea. ITo pe-
3yJABTATAM KaJHOGPOBKH CTPOAT TPadhUK Ppan/Py = f (F), roe Pp — noxasande Ka-
nuGpyemoro BarTMerpa. Ilosib3ysick STHM rpaQHKOM NPH H3MEPEHHSX, NMOKA3aHHs
BaTTMETPA NMPUBOAAT B COOTBETCTBHE CO 3HAYeHHEM nagamomen MOIMHOCTH.

PasHHIa MeX/y Najaouieil MOIHOCTBIO H MOIIHOCTBIO, OTAABAEMOM HCTOUHH-
KOM B COIJIACOBAHHYIO Harpysxy, npeicrapjsierT co60H MOrpewiHoOCTb PaccoriacoBa-
HHSL M B OTHOCHTEJILHHIX BeJIHUHHAX Gyner paBHa,

8pace=Puan/Pcora—1. (I1.59)
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Tax Kak

T0

Pran=|Ur 2/(Zox| 1—T; T [2),
*Peorn=| Uy |2/Zoz,

Bpace=1/11—CpTgl2—1. (11.60)

. Space manc, Yo
KCB, = I REA
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Apage, Yo

Puc. I1.10. HomorpaMma Inisi OnpefiesileHHsi MOTPEIIHOCTH PAacCOTJIaCOBAHMUSA.

MaxcHManbHoe 3HaueHHe MOCPEIIHOCTH PaccoTAacoBaHHs COCTAaBHT
5paccwumc—l/(l + [T [Tel)2—1.

TIpu manux sHavenusx I'p u Iy
8pace mare ==+ 2| Tp| ITs].
MaxcHMasibHEle SHAUeHHs! MOTPEIUHOCTH PACCOTJacOBaHHA MOTYT GHTbH ONpenesieHh

¢ moMowpbo Homorpamm (puc. I1.10, T1.I1), na xoropux KCByr, KCBp — coorser-
crBeHHo KCB renepatopa M BaTTMeTpa,! Gpacc = [pl‘ |* — notepn paccoraacosa-

HHSL.
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(11.61)
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Puyc. IT.11. I]oMorpaM-ma JJ1A onpenesieNHs TIOTPEIHOCTH PaccorlacoBaHus.
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