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NNPEAUCJOBHE

Jast qByX nociefHHX NeCsTHJIETHH XapaKTepHbl ObicTpoe
pa3sBUTHe DajMO3/JEeKTPOHHKH H YCHJEHHOe BHEJDEHHE ee
B IPOMBILIIEHHOCTb. DJIEKTPOHHbIe NPUOOPHI C KamJAbIM JHEM
Bce LiMpe NMPHUMEeHSIOTCH AJs (HH3HKO-XUMHYECKOr'0 aHaJu3a,
aBTOMAaTH3allH H KOHTPOJIS NPOH3BOACTBA, HAYYHBIX HCCJIe-
DNOBaHUH U H3MepeHHH. TpyaHO Ha3BaTh cedyac oTpac/p Hpo-
MBIIJIEHHOCTH HJIM 06JIaCTh HayKH, B KOTOPOH He MpUMeEHS-
" Jlack GBI HJH He MorJia ObiTh NMPHMEHEHa 3JeKTPOHHKA.

MaccoBoe pacmpocTpaHeHHe MOJY4YHJH NPHOODPH AJIsi H3-
MepeHUs JIYYHCTOH HEPTrHH B ee pa3/MYHLIX MPOSIBJEHHUSX,
B YaCTHOCTH /I PerMCTPALUH SAePHbIX H3J1y4deHHH, 115 (HOTO-
MEeTpHUH, A/ JIOMHHECUEeHTHOrO aHa/M3a H AJs cyera CBETO-
BHIX BempllleK. B 6poiitope paccMOTpeHO HECKOMBKO MPOCTHIX
M HafeXKHbIX CXeM AJs M3MepeHHs JyYHCTOH 3HeprHuH.

V3mepenue MarHUTHBIX MOJeH B JHanasoHe OT ThHICAYHBIX
JOJIell 3pcTena Jo AeCATKOB 3PCTe] HPUMEHSIeTCsl IPH MarHuT-
HOH JeheKTOCKONHH, MarHHUTHOH pa3BejgKe, (H3HKO-XHMHUe-
CKOM aHaJjiu3e, OOHapyXKeHHH MeTas0B M BO MHOTHX APYrHX
06/1acTsIX HAYKH U TeXHHKH. B Gpounope mpuBeieHBl CXeMbl
npubOpOB /IS MATHUTHBIX U3MepeHHH MpH MOMOILH JAaTYHKOB
pas/IMYHBIX THIIOB.

Muorue npu6ophl HYXKJAAIOTCS B YCHJIEHHH MaJOMOLIHBIX
3JIEKTPHYECKUX CHTHasn0B. B 6pounope mpHBegeHbl OCHOBaH-
Hble Ha TPaH3UCTOpPaxX NMPaKTHYeCKHe CXeMbl H30OHpaTeJbHBIX
¥ UMIOYJBCHBIX YCHJIUTENeH H YCHIHTeJeH NMOCTOSIHHOIO TOKa.
Bpi6Op TOro HJIM HHOTO YCHJHTENS JJsi KOHKPETHOro MpH-
6opa, 3aBHCAUIHH OT CBOHUCTB HPUMEHEHHOro B 3TOM mpubope
IaTYNKa CHTHAJIOB M OT (PH3HYeCKOH BeIMYMHE, BO3JAEHCTBY-
Iollell Ha JaTYUK, HEepeAKO Bh3biBaeT 3aTpynHenus. [IpuBenen-
Hble CXeMbl NMOMOTYT YHTaTe 0 C HauMeHblIeH 3aTpaTod CHJI
H BpeMeHH HaHTH HauWJydyllee pellleHHe 3TOH 3ajayH.
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MHorue U3 ONMUCAHHBIX B OpolIope CXeM, CO3JAaHHBIX KaK
3apy6exXHbIMH, TaK H COBETCKHMH aBTOPaMH, ObL1H onpo6o-
BaHbl, a B CJy4ae HeOGXOAUMOCTH ellle H JIOMOJIHEeHbI, HClpa-
BJIEHbl MM mepefenaHbl B OO6IleCTBEHHOM KOHCTPYKTOPCKOM
6topo npu JIeHHHrpaACKOM NpPAaBJeHHH Hay4YHO-TEXHHUECKOro
ofIecTBa pafHOTeXHHKH H 3JeKTpocBsasu uM. A. C. [Tomosa.

BBuay He60.1b1I0r0 06beMa 6pOLIOpbl B HEE HE BKJIOYEHbI
HHCTPYKUHH 1o HacTpoiike. OJIHaKO M NpUBENEHHBIX NaHHBIX
BIIOJIHE JNOCTAaTOYHO, Ha Hall B3IJIsiJi, AJsi TOrO, YTOGbI MOAro-
TOBJIEHHBIH pajHo/MIOOUTeNb, a TeM Gojiee HHIKEHEP HJH TeX-
HHK CMOT BOMVIOTHTb HPHMHUMIHAJBHYIO CXeMy B MPUGOp HJIH
B YCTPOHCTBO.

B Hacrosime#t 6poitope onucaHa JHIiIb HeGOJbIIAS YaCThb
BO3MOXHbIX NPHMEHEHHH 9JEKTPOHHKH B NPOMBILIJICHHOCTH.
ABTOpBI HafIEIOTCS!, YTO BHIXOJ B CBET 3TOH GPOLIIOPHI, a BCIEN
3a Hel, BO3MOXKHO, H HOBbIX COODHHKOB, COEPKAIIUX OMHUCa-
HHe JPYrHX HPaKTHYECKHX 3JIEKTPOHHBIX CXeM, THOMOXKET
yCOBEpLIEHCTBOBaHHIO HCCJAeJOBaHHMH H H3MepeHHH, NpOBO-
JAUMBIX B HapOJAHOM XO3sHCTBe.

OT13biBBl H 3aMeuaHHs Ha Gpouwopy npockba HampabJATh
no axpecy: Jlenunrpan, I-41, Mapcoso none, x. 1, Jlenun-
rpajcKoe OTHe/ieHHe H3JaTeJNbCTBA «JHEPTHsl»..

Asmop



T'/TABA IIEPBASA

NMPUBOPbI N1Ji1 U3MEPEHMUS
JIYYUCTOH 3HEPTUH

B 3Toli r1aBe paccMOTpeHH! cxeMbl MPUGOPOB 1151 U3Mepe-
HHUSL cJabblX CBETOBBHIX NOTOKOB, NJsi perucrpauud a-, f-
H Y-H3JIy4eHHUH H JJI5 CYeTa CBETOBHIX BCMBIIEK. DTH NPHOOPHI,
CO3JaHHBIE C y4eTOM MOCJERHHX HOCTHXKEHHHl 3JeKTPOHHOMH
TEXHHKH, 00/1aJlaloT BBICOKHMH KaueCTBEHHBIMH I10KasaTe-
JISIMH, TIPOCTHI O CBOEMY CXeMHOMY MOCTPOEHHIO H BOCIIPOHU3-
BOJMMBI JlaxKe B DPajHOJIOOHTETbCKUX, YcaoBHsX. Kak H3-
BECTHO, KauecTBO NMpHOGOpa BO MHOrOM 3aBHCHT OT €ro KOH-
cTpykuMH. M XoTa cylecTBylomue KOHCTPYKIHHM He MOTYT
CYHTATLCSA BIIOJIHE COBEPILIEHHLIMHM, TeM He MeHee 3HaTh MX
Heo6xoxuMo. [loatoMy onucaHuss npubopoB OYAYyT COMpO-
BOXKAATbCST KPaTKHUM H3JI0XKEHHeM HEeKOTOPbIX KOHCTPYKTHB-
HBIX JaHHBIX. '

MpuGopbl ans JMOMHHECUEHTHOTO aHaAM3a

JlioMHHecueHIHST — BHJ H3JyYeHHs, LIHPOKO pacrpo-
cTpaHeHHbIH B npHpoge. Ouenb MHOTHe ra3oo6pasHble, XKHUJKHE
U TBepjble BelllecTBa (COJIH pellKo3eMeJIbHbIX 3/1EMEHTOB, apo-
MaTHYeCKHe COeJJHHEHHs, PacTBOPHI Psifa KpacuTeled H Ap.),
Oyayud noaBeprAyTHl BO3AEHCTBHIO YJbTPadHOJETOBBIX Jy-
yefl, HaYMHAIOT CBETHTHCH.

JIloMHHeCHeHTHBI aHaJU3 LIHPOKO MPHUMEHSIETCS B CaMbIX
pa3/HYHBIX 00J1aCTSIX HaYKH M TEXHHUKH, a B KOJHYECTBEHHOM
U KaueCTBEHHOM aHaJ/IH3aX, CJYXallUX LeJdsM OpraHHYecKoH
¥ HeOpraHM4eckol XHMHH, OH IO NPaBy 3aHsJ BeAyllee MeCTO
U B psifie CTyuaeB He MOXKeT ObITb 3aMEHEH APYTHMH METOJAMH.

JlroMuHecueHTHBIE aHanu3 o6JafaeT psaoM ocoGeHHOCTeH,
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BECbMa BBIFOJHO OTJIMYAIOUIMX €r0 OT APYTHX BHUAOB aHAJIH3a.
Tak, c ero noMotipo B 1 ‘2 mpoGbl MOXKHO OGHAPYKHUTb MPUCYT-
ctBHe 1.1071%—1.1071! ¢ BemecTBa mpuMecH. ATo 6osee YeM
Ha YeThIpe NopsjKa HPeBOCXOAUT YYBCTBHTEIbHOCTb IMUCCHOH-
HOrO CHeKTPa/JbHOTO aHa/au3a. JIIOMHHECHEeHTHBIH aHaJ/u3
103BOJIsSIeT HCCAe0BaTh O4YeHb HeboabliMe 06BeMbl pacTBOpa
H MeJpyallie KPYNHHKH TMOPOIUKOB, COJepKallHe JHIIb
cJIe/lbl IIOMHHECLH PYIOIIET 0 BelllecTBa. BaxHoe npeuMyiiecTBo
JIIOMHHECLEHTHOrO aHaJH3a 3aKJ/IuYaeTcs B ero MpocToTe,
a TaKxe B TOM, 4TO IO CBOeH CKOPOCTH OH BO MHOTO pas mpe-
BOCXOAMT XHMHUecKHH aHa/u3. HaKoHel, ciefyer ynoMsiHy Th,
YTO €CJIH NP XMMHYEeCKOM H SMHCCHOHHOM CIIEKTPaJbHOM aHa-
JIN3aX aHaJM3UpyeMble BellleCTBa PasJaraloTcs, TO HPHU JIIOMH-
HECLeHTHOM aHaJi3e OHH, KaK NPaBHJIO0, He NOABEepPraroTcs H3-
MEHEHHSIM M OCTAlOTCS NPUTOLHBIMH 17151 JaJibHeHlIero HCIoJb-
30BaHHA. JTO 0COGEHHO Ba)KHO NPH HCCAEJOBAHHH TPYAHO
CHHTE3UDYeMbIX YHHKAJbHBIX BellecTB, MOJy4YaeMblX B HH-
YTOXKHBIX KOJIHUeCTBaX.

Haubosee pacnpocTpanen H Xopolo pa3paboTaH JIOMUHE-
CUEHTHBIH aHaJ/H3, OCHOBAaHHBIH Ha BO30YXIeHHH (HOTOJIO-
MHHecueHuuH. TpeGoBaHUAM 3TOr0 aHaJa13a OTBeYalT ¢ J y -
OpPHMETD)Bh, H3MepslOlIHe HHTEHCHBHOCTh CBEUEHHU S aHa-
JIH3UDPYEMBbIX OOBEKTOB.

QuyopUMEeTp COCTOMT M3 HCTOYHHKA H3JIyUeHHs, CJIyxKa-
1ero as1s Bo36yxAeHHs POTOMOMUHECHEHIIUH, QOTO3/IEMENTa,
npeo6pasyiollero CBeT JIOMHHECLeHLHH B TOK, M DeTHCTpa-
tTopa. KoHCTpyKuHus npruGopa OOBIYHO COLEPIKHUT TaKKe ONTH-
YeCKYIO0 4acTh, COCTOSIIILYIO H3 KOHAEHCOPOB H AHadparM [JI. 1].

OnucaHHBIH HHXKe YHHBepCasbHbIH GuyopUMeTp mpeHa-
3HaueH JJIsi KOJHYEeCTBEHHOrO U KauyeCTBEHHOI'0 JIIOMHHECIIEHT-
HOrO aHa/iM3a KUAKOCTeH M TBepAblX Tes. KOHCTPYKTHBHOI
0cOOEHHOCTbI0 MPHGOpPa SBJASIETCSA TO, YTO MPU MOJb30BAHHU
KIOBETOH MOXKHO paboTaTh TOJBKO B NPOXOJSILEM CBeTe; MpPHU
3TOM H3MepSIOT KaK (IyopeclueHIH IO pacTBOPOB, TaK U UX ab-
copbuvo. CxeMaTHYHO 3TO HOSICHEHO pHc. 1.

Ceer oT HcTOUHHKa | MPOXOAUT Yepe3 MePBHUUHLIH CBETO-
¢uabTp 2. B KioBeTy 8 ¢ pacTBOPOM NMONAJaeT TOMLKO MOHOXPO-
MaTHYecKoe H3JyueHHe (OOBIUHO YJ/bTPaHONETOBOE), Bhiie-
JIEHHOe 3THM CBeTOQUJILTPOM H BBI3bIBalOllee JIOMHHECIEH-
o pactBopa. JlJMHA BOJIHBI JIIOMHHECHEHIHH JJIMHHee BO3-
Oy JaI0IIEero H3JIYUeHH S, a MOCKOJIBKY HHTEPEC NPeJCTaBIsieT
JIMIIb BO30YXKAeHHOEe H3/1yUeHHe, TO BTOPHUHbIH CBeTODHALTD 4
Jlo/KeH ObITh BbIOpaH TaKHM, YTOOBI OH NOJTHOCTbIO 3aKpbIBaJl
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JOCTYTl Ha NMPHEMHHK CBeTa NMepPBHYHOMY H3/ydeHHio. MHbiMH
c/J0BaMH, B NaHHOM CJydae MpPHMEHeHa CHCTeMa CKpelleHHbIX
cBeToHIbTPOB. DOTOTOK, BO3HHKaIOUIHH B (OTO3/NEMeHTe 5

HM3mepeHHe JIIOMHHECUEHIHMH DPacTBOPOB B MPOXO-

AflEM CBeTe.

noj ILefiCTBHEM BTOPHYHOTO H3JaydeHHs (payopecleHIHH), pe-
THCTPHDYETCS TajJbBaHOMETPOM 6.

IIpu usmepenuu abcopOuUH M NPONYCKaHHUS BTOPHUUHBIH
CBeTOQUJIBLTP CTaBAT PEAKO, a €CJHH H CTaBAT, TO JHUIb AJs

yMeHblIeHHS] (¢GOHA, BBHI3BaH-
HOTO JIIOMHHeCHeHIHel KioBe-
THl, ONTHKH H IpHMecei.

Ecnu nosb3oBathest He Kio-
BeTOH, a HpPOGHPKOH, TO JIIOMH-
HECLeHIHI0 pPacTBOPOB MOMKHO
usMepsith mox yraom 90°
K BO30yKjamoLleMy H3Jy4eHHIO
(puc. 2). Takoe mocTpoeHHe
ONTHYECKOH CXeMbl I103BOJISET
3HAYUTEJNbHO YMEHbHIUTh (OH
NepPBHYHOI'0 H3JyUeHHSI.

IIpu u3MepeHHH JIIOMHHEC-
IEHOHH TBEPABIX TeJ MOXKHO
NMPHMEHHTb CXeMYy, NpUBeJeH-
Hyio Ha puc. 3. CBer OT HCTOU-
HHKa I, mnpolins mnepBUYHBIA
CBeTOOHILTP 2, momajgaeT Ha
BOTHYTOe 3epKajo 3, GoKycCH-
pylolliee H3JaydyeHne Ha npoby 4.
JlromuHeceHnus npobwl, Ipoi-

2

K=
1 =

Puc. 2. H3mepenue JOMHHeCUEH-
UMK pacTBOpPoB moz yriom B 90°.

"l — MCTOYHHK CBeTa; 2— MepBUYHBIH

cBeTobuAbTp; 8— npobupka; 4 — BTO-

puuHBl cBeTobuabTp; 5 — orosJe-
MEHT; 6 — raabBaHOMETp.

IS uepe3 OTBepCTHe B 3epKaJje, Mornajaer Ha (OTO3JeMEHT &
U PErHCTPHPYETCSl TajbBaHOMETpPOM 6. BropuuHbifi cBero-
(GHILTD 7 yCTAHOBJEH AJA [OJABJEHHS (QOHA IMEPBHYHOrO

H3J1y4eHHs.
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[Mpu Bcex BHAaX M3MepeHHH HCHO/B3YIOT HAbOp CBETO-
(UIBTPOB: MEPBHYHBIX — JAJSI BBIJEJEHHST MOHOXPOMATH-
YeCKOro H3/yYeHHsl OT HCTOYHHKA BO3GYKIEHHS M BTOPHY-
HBIX — J/Is1 BBIIEJIEHHS H3 3TOr0 H3JyYyeHHS TOJNBKO CBeTa
JIIOMHHECUEHIHH.

YHHuBepcaJbHOCTb NPHGOpa obecreyeHa ero KOHCTPYKIHEH.
OHa cOCTOMT M3 H3MepHTEeJbHOro 6/i0Ka (B KOTOPOM pasMe-
eHa 3/IeKTPOHHAs cXeMa, BKJIodYamomas B cebs JaMny BO3-
Oy:KAeHHS! H GOTOYMHOMKHTE/Ib) H CMEHHBIX NPUCTABOK, I103BO-

Puc. 3. VisMepeHHe JIIOMHHECHEHUMH TBEDALIX TeJ.

JISIOWHX MEHSITb BUI PaGoThl, T. €. MEPEXONUTL OT H3MEPEeHHs
pacTBOPOB K H3MepEeHHI0 TBepAbIX Tell.

TpanchopMaTrop NMHTaHHSI 3JEKTPOHHOH CcXeMbl HpHGOpa
nuTaercss OT (eppope3oHaHCHOro crabuausaTopa.

Hust Bo36yxaeHHS! (OTONIOMHHECHEHIHH OOBLIYHO NpHMe-
HSIOT PTYTHBIE MJH BogopoAHbie Jamnel TtHna JIBC-25
u JPI'C-12, Bxoasimue B KOMIIEKTH CIEKTPOPOTOMETPOB
C®-4 u np. B Tex ke KOMMJIEKTaX UMEIOTCS CHENHAbHBIE CTa-
6u/M3aTOPH! AJIS1 MHTAaHUS STHX JlaMn. B KauecTBe HCTOYHHKOB
BO30YKIEHHST MOXKHO HCIOJNb30BAaTh TaKKe Ia30paspsiiHble
prytHeie gamnel BYB-15 u [IPK-2. Texunuueckue xapakTe-
PUCTHKH HMCTOYHHKOB BO30YXKIeHHSI H COCOOBI HX BKJIIOYe-
gusg —cm. [JI. 11

[TpuMeHeHHe MOIHBIX PTYTHBIX JIaMI B annapartype JIIOMH-
HECLEHTHOTO aHa/IM3a HeJsb3sl MPHU3HATh YAAUHBIM. DTH JIaMIbl
BBI3LIBAIOT HOHH3AIHIO OKPYXaIoLero BO3AyXa, YTO BPEAHO
JJisl omepaTopa, B CBSI3H C YeM BpeMsl HX HelpepbiBHOH pa-
60Tbl, KaK NIPaBUJIO, MOXKET ObITh JIHIIb HENPOAOMKHTETbHEIM.
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K ToMy iKe, 4yT0OB CTabH/IH3HPOBATh FOpPEeHHE H aBTOMAaTH3H-
poBaTh BBOJ 3THX JIaMIl B CTAllMOHapHHIE PeXHUM paboTHI,
TpeGyIoTCS TPOMO3JAKHE HCTOYHHKH MHTAHHS.

Jlyumie no/b30BaThCS MaJIOMOLUIHOH PTYTHOH J1laMmoi
tuna Y®O-4A, Kotopasi obeceurBaeT HeNpepeIBHYIO paboTy
Ha nporsikeHHd 8—10 «, He BHI3bIBaeT HOHH3alHH OKPyXa-
IOIIEro BO3yXa, MOoTpe6JIsieT MOLHOCTh MeHee 5 6/m U No3ToMy
MOXKeT MUTATbCs OT 06Iiero cujaoBoro TpaHcopmaropa. Cee-
TOBOH MOTOK JIAaMIBl JIETKO Mojjaercs cTabGMJIN3alMH, eCcsH
HanpsiXKeHHe M TOK NHTaHHs crabuausHpoBaHbl. Jlamma
UIHPOKO PacnpocTpaHeHa BO MHOTHX OTPac/sX MPOMbILIIEH-
HOCTH U He sBJsieTcsd AePUUHUTHOH.

K30 0180n A s Yoo -4A

Puc. 4. IlutanHe HCTOUHHKA H3Jy4YeHHS.

Ha puc. 4 npuBenena cxeMa nutanus 37oi jamnel. To o6-
CTOSITEJIbCTBO, YTO JIaMIla BKJIIOUEHa NOC/IEJ0BaTeNbHO ¢ 6aper-
TepoM, Mmo3BoJisieT 06ofiTHCh 6e3 MyCKOBOro peocrtata. baper-
TEp moJie3eH H TeM, YTO CTaGUJH3HPYeT MHUTAHHE JAMIBl 1O
ToKy. C conporHB/ieHHS! R,, HanpsKeHHe MOJaeTcsi Ha H3Me-
PHTeJNbHBIE TPHOGOP AJsl KOHTPOJISL PpexkHMa.

Ha puc. 5 nsobpaxkena usMepHTeTbHas uacTh npubopa,
COCTOSIINAS] H3 H3MEPUTEJNBHOTO YCHJIHTENS ¢ HCTOYHHKOM MH-
TaHHd, perucTparopa U GporoyMHoxuTensd. MCTOUHHK MUTaHUS
BKJIIOYaeT B cebs celeHoBHH BeimpsaMutenar ABC-80-260,
¢uabTp, cocrosuui H3 conpoTHBJeHHH R;, R,, KOHJeHca-
topoB C;, C, u crabunutpona CI-1I1. HeonoBasi namna
TH-0, 3, BKitoueHHast OC/AEL0BATENbHO ¢ J0GaBOYHBIM COMPO-
THBJIEHHeM R,, CHTHA/JUM3HPYeT O HA/JHYHHU aHOAHOrO Hamps-
XKeHHs. BrImpsMuTEsb NOJTyYaeT NMHTaHHE OT BTOPHYHOH 06-
MOTKH TpaHchopMaTopa, HanpsikKeHHe Ha KOTOPOH paBHO
180 6. C anoaa crabuuTpoHa HanpsikeHHe 150 ¢ nomaercs
Ha 9KPaHHPYIOULYIO CeTKY peryJ/upyiouell jaMnol JI, BEICOKO-
BOJIbTHOTO cTabu/iM3aTopa HampsiKeHHs (cM. pHC. 6).

9



‘edionudoAud aroen veHaraindowel] g -dudg

vsi-Atw ¥ 60024 -
092-08-284,
I 7 I J I3 37 ¥ .
T 1 T o
7 % w0 101N sl sopiirive sm\ive & 8y - — 002~
\N* h&* WN\ ‘N\ 6&% Nev* sN\ QQ * !* N\* ﬁ.V
]
&H ] x ] g0
20 IRy
ITAW) &y .ws
] ;
]ﬂ.lo
00y
5%
= wd\y  eo-nily "y
929 vswa\w V5K y

8054+
O



B kauectBe ¢oTO3NIEMEHTa NPHMEHEH 3JEKTPOHHBIA (OTO-
yMHOXKHTeNb THIA PDY-15A. POTOTOK YMHOXKHTEJIA, HIPONOP-
I[MOHAJbHEIH CBETOBOMY IIOTOKY, YCHJHBAaeTCs YCHJHTeNeM
MOCTOSIHHOTO TOKa, COOpPaHHEIM MO CXeMe MocTa Ha Jam-
nax JI, u JI, (6)K5II).

IlepeksouenueM conporuBiaeHHE Rg—R;,, pacrnojoxeH-
HEIX B HENH ynpaBJjsiolledl ceTkd JjaMnnl JI,, koadduuHeHT
YCHJICHUS] YCHJIHTENs] H3MEHsIeTCS B OTHOINEHMH 1 :2:5:
: 10 : 20. Tlotennuomerp R,;, KOMIEHCHPYET TEMHOBOH TOK,
T. €. rpy6o yCTaHaBJHBaeT HYJb.

IIpn nepex/oueHHH UYYBCTBUTEJIbHOCTH YCHJHTE/SI Ipe-
IeJbl U3MepeHHsl pacXoiaTcs M Habmiojaercsl YXOi HyJs Ha
nuanaszonax 5, 10, 20. Ins KoMmmeHcanHH yXoja HYJd
BTOpasi IJIaTa MepeKJodaTessi MOLKJIIOYAeT KOMIEHCHpYIo-
IlHe CcONpOTHBJeHHS! R,—R; BKJ/IOUEHHBlE MexAy 3IKpa-
HHDYIOIWIUMH CETKaMH JIaMIl YCHJHTENs] MOCJeLOBATeNbHO
C TNOTEHIIHOMETPOM R,, H TeM caMblM TOYHO YCTaHaBJH-
BaeT HyJab. BemuuuHnl comporuBneHufi R,—R; mnonbu-
PaloT NPH HACTPOfKe, IOCJe Uero HX JBHXKKH 3aKpaillH-
BalOT KpacKoH.

Y cHunenHbl#t GOTOTOK perucTpUpyeTcs MHKpoaMl'IepMeTpOM,
BKJIIOUEHHBIM MeX1y KaTOoNaMH JaMNl YCHJIHTeJs.

Conporus/ienusa fenuTens GOTOYMHOMKUTENs JOMKHbI GBITh
nojgobpaHbl ¢ JONYCKOM B +5%.

HacTtpoiika cxeMbl 3ak/io4aeTcs B IPOBEPKE PEXHMOB,
6anaHCHPOBKe yCHJHTeNsi U Noabope COMPOTHBJEHHH mesd-
Tedsd Rg—Ris.

Jnsi nutaHdsa QOTOYMHOXKHTENs TpeOyeTcs BBINPSIMUTEND
co crabuiu3anuell BHICOKOTO Hanpsixenusi. B cxeme, usobpa-
JKEHHOH Ha puC. 6, HCTOUHMKOM BRICOKOTO HamNpsXKeHHs CJIy-
JKHT OflHa M3 BTOPUYHBIX OOMOTOK TpaHcdopMaTopa MHUTAHHUS
HanpsixkenueM nopsinka 300—350 6. IlepeMennoe Hanpsikenue
¢ 0OMOTKH TpaHcdopMaTopa MOCTyNaeT HA BHICOKOBOJBLTHBIH
BbINPSIMHTEJIb, COOPAHHBLIA MO cCXeMe YMHOMEHHS Ha CeJIeHOo-
BoIX cTon6ukax TBC-7-15M u kongencaropax MBM (C,—Cy).
BemnpsiMienHoe W yMHOXeHHOe B 4 pasa HampsixeHHe I0-
pszxa 1300 6 moctynaeT Ha BBICOKOBOJBTHBIN CTaGHIH3aTOP
HanpsikeHHs1, coOpaHHbIH Ha Jammax J,—JI;. CxeMa cra-
6uJM3aTOpa OTJIHMYAETCS OT CYIIECTBYIOMMX BBICOKOH 3KOHO-
MHUYHOCTBIO, UTO [O3BOJISIET HCIONb30BaTh 0OGMOTKY TpaHcdop-
MaTtopa Ha 300—350 ¢ u cxeMy yMHOxKeHHUs. To obcrosiTesnb-
CTBO, YTO TOK HATPY3KH OrPaHHUYEH CXeMOI YMHOXKEHHS U JaxKe
B pexXMMe KODOTKOro 3aMblKaHHsi He mnpesnimiaer 10 wma,
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JenaeT craGu/IM3aTOp BeCbMa PalHOHAJNBHEIM C TOYKH 3pEHHA
TeXHUKH 06e30NmacHOCTH.

Peryaupyiomeii jamnoit JI, CIyKHT TeJeBU3HOHHBIA MeH-
top 6IT115IT ¢ BeicokKMM Ko3dpuuuentoM ycunenus. Ha
namre J1,, (6)K5I1) co6pan ycHIUTeNb MOCTOSIHHOrO ToKa. s
NOJNyueHUsI ONOPHOI'O HANpSIKeHHs NPHUMEHEH CTaGUIHTPOH
kopounoro paspsina CI'-302C (JIy;). dkpanupyoouas ceTka
namnsl 6[115I1 nutaercsi or nammnsl JI, (cM. puc. 8). INapaan-

#1508 0—3
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Puc. 6. BHICOKOBOILTHLIH CTaGHIH3aTOP.

nAenpHo Jamne JI;; BKJIOUEHO compoTrHBieHHe R, 4,3 Monm
IJ1s1 yBeJHUeHHMs] TOKa JaMmnbl Jly,.

ITorenuuoMerpoM R, B mend ynpasJsiolled ceTKH
naMnbl JI;, MOXKHO H3MEHSITb BBIXOJHOE HanpsixKeHHe cTabuu-
saTopa (B He6oJbILHX Mpenenax). Bonee sHaunTeNnbHOH pery-
JIMPOBKH BBICOKOTO HANpsiKeHHs He TpeOyeTcsi, TaK Kak ee
OCYILECTBJSIIOT NpPH HacTpoHKe 1O (OTOYMHOXKHTENIO C MHO-
MOLIBIO TacsAIIero NMepeMeHHOro conpotHBieHus R,,. Compo-
THBJIEHHEM R, MOJMb3YIOTCS TOMbKO NpH cMene PIY.

HeonoBasi namna JlI; — uuaukatopHas. I[Timoc BbICOKOro
HanpsiKeHUsS COeJHHEH C 3eMJieH.

Hacrpoiika crabuinsaTopa Hec/J10XXHa H CBOAMTCS K NOJ-
6opy conporHBieHHH Rz, Rj;, TpH IOMOLIM KOTOPBIX Ha
aHojie JaMIibl JI, ycTanaBIHBaeTCs HanpsixeHHe okodo 4150 6.
3aTeM moTeHUHOMETpoM R,; yCTaHABIHBAIOT TOK Yepe3 CTa-
6unutpoH JIj; B npepenax 40—>50 uxa. Kosdduurent crabunu-
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sauuu crabuausatopa — nopsigka 1000. Hanpsxkenue Ha-
Kajsa Ha Jamny JI;, nmojaercst oT OTAeJbHOH OOMOTKH, a Ha
aamnet Jy, JI,, JI, — OoT OOMOTKH, OJIHH KOHelLl KOTOPO#H MOXET
ObITH 3a3eMJIEH.

TpanchopMaTOpOM NHTAHHS MOXKET CJYKHTh 000U TpaHc-
(opmarop, paccuHTaHHbI Ha MomHocTb 50—60 em. Ilpu
nuTaHuH  npubopa  OT

tdheppope3oHaHCHOrO CTa- ;ﬁ——tl -
A [

6unusaTopa cTabHb- £ 047
HOCTb TOKa3aHHH He 3a- |~ 4, 44/
BHCHT OT H3MEHEHHs Ha- N
NpSIKEHHsI CETH B IIpe- Y]
aenax +20%. . ; P

C nmnomoumpld ONHUCHI- 3
BaeMoro mnpu6opa mpous- B
BOAAT KouuecTBenueie 0 | || A 4J
KaueCTBEHHbIE AaHAJIH3bI £ 43
B OPraHH4ecKoil H Heop- =
ranuyeckod xumuu. Ha- £,03
npuMep, B pacTBope 00ne- MR
MOM 5 M2 OBLIO YBEPEHHO ol
H ¢ 60JbIIOH TOYHOCTBIO 7
uaMepeno 2- 107 eunpus. | w4 2 F 161

DeKTpoHHAsT CcXeMa ko 03 £y 81
M03BOJISIET HCIONb30BaTh | * T Tbn
npubop H JJsi ApPYrux ol 03 o— 71—
ueneit. Ilomeaysice pas- £y 03 k. 800
JIMYHBIMH CBeTOMHJILTPA- ) ﬁ]—' +
MH H crnocobaMH H3Mepe- W ’ -

HHSl, MOXKHO C BBICOKOH py. 7. HWsmepuTenbHasi 4acTb NPOCTOrO
CTENEHbIO TOYHOCTH OIlpe- ¢ayopumerpa.

JeJsiTb  CBETOMOIJIOLLe-
HHe, LBeT, CBeTOpaccesiHHe H MOMYTHEHHe pacTBOpOB.
Ycnex Bo MHOTOM 3aBHCHT OT CIOCOGHOCTEH H BO3MOXKHO-
CTell HCTIOJIHUTENS, TaK KakK JJ/si BHIIOJHEHHS KOHCTPYKIUH
HeoOXONHMEI COOTBETCTBYIOIUIHE MaTepHalibi U YCJOBHS.
Brinte 6611 paccMOTpeH YHHBEPCAJbHEIH NPUGOP AJIst JTIOMH-
HECLIEHTHOI'0 aHaJIi3a C MHTaHHEM OT CeTH IEePEeMEHHOr0 TOKa.
Ha puc. 7 npuBesena npocras U3MepuTeJbHAsI CXxeMa npHOopa
I/ JIOMHHECHEHTHOrO aHajHM3a ¢ NHTaHueM oT Oartapef.
B KkayecTBe AaTuMKa NMPHMEHEH 3JIEKTPOHHBIH (HOTOYMHO-
xutenp PIY-27. Bricokoe HanpsikenHe nopsiaka 1000 6
nojiaercs Ha Hero ot 6arapeii. C aHoza poToyMHOKHTeNs (oTO-
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TOK TOCTyIaeT HEeNOCPEACTBEHHO Ha H3MepHTeJbHbiH MmpHOOP
‘c HHXKHUM npefenoM uaMepenus 0,1 mxa. ConpoTHBJEHHS
R1;—R,, cayxaT mIyHTaMH MHKpoaMmiepMmeTpa, NpH UX mepe-
KJIIOYEHHH M3MEHSIOTCSl Tpeaelbl H3MepeHHs.

[asi KoMmeHcamMM TEMHOBOI'O TOKa (POTOYMHOXKHTeEJS
H 3JIeKTPHYECKOH yCTaHOBKH HYJIA CJAYXKHUT sidyeHKa H3 comnpo-
THBJIEHUH R,;—R;s ¥ Oartapeu b5,.

dtor npuH6GOp, HECMOTPSI HA €ro NPOCTOTY, 06/1aaeT OYeHb
BLICOKOH YyBCTBHTENBHOCTbIO, BCErO Ha JBa NOpPfAAKA YyCTy-
napollei UYyBCTBHTEJIbHOCTH MpPHGOPA, OMHCAHHOTO BBHILIE.
PeryaupoBka cxeMmbl 3akJ/iouaercs B mnogbope CONPOTHBIIe-
HUSL R, 4 B ycTaHOBKe paGouero HampixeHHs (pOTOYMHOKH-
Te/si CONPOTUBJEHHeM R,, N0 MHHHMAJbHOMY TeMHOBOMY
TOKY H 10 MaKCHMaJbHOH YYBCTBHTENbHOCTH. KICTOYHHMKOM
H3JIyYeHHsT MOXKET CJIYKUTh Jamna ¥ @O-4A, nutaeMas oT akK-
KymyJsitopa. [IpH OTCYTCTBHH BEICOKOBOJIbTHBIX GaTapeil Bbl-
COKOe HalpsiKeHHe MOXKHO IMOJYYHTh OT npeoOpasoBaresis,
HO co crabuau3anrell HampsiKeHUs B Mpefeaax +2 8.

CUMHTHMISILHOHHBIA MpUGOpP IJA perucTpanuH
a-, P- M y-yacTHL

IlpuGopsl pnsi perucTpauuH o-, P- H y-yacTHI cOCTOAT
H3 JeTeKTopa M perucTpHupyouleii cxembl. [leTeKTop mpexHa-
3HaueH LJs1 NMpeoOpa3OBaHMs HEPTHH YaCTHL B 3JeKTpHUe-
CKHe HMIyJbCchl. B KauecTBe JeTeKTOPOB O-4aCTHI, HCIOJMb-
3YIOT CepHHUCTHIH [MHK, aKTUBHDOBAHHBIH cepeOpOM, a JeTek-
TOPOB B- M y-4aCTHL — KPHCTAJJ HOLHUCTOrO HATPHS, aKTHBH-
pOBaHHBIA TaJ/JHMeM. 3a MocjefHee BPeMsl MPOMBIIJIEHHOCTh
OCBOHJIA BBIMYCK NETEKTOPOB H3 MJacTMacchl.

JleTeKTOp COERUHAIOT ¢ HOTOyMHOXKHTENeM. YacTHiel, mo-
najamllye Ha IeTEKTOD, BhI3BIBAIOT B HEM JIIOMHHECLIHPYIOLIHE
BCIIBILIKH, KOTOpHIE Mpeo6pa3yloTcs (GOTOYMHOMXKHTENEM B HM-
nyJbChl TOKa. AMIVIMTY/a H QJIMTENbHOCTb HMIYJIbCa 3aBHCST
OT 3HePrHH BCIBILUKH H OT JJIMTeNbHOCTH €e CBeYeHHs.

[ToMHMO n1eTeKTOPOB ¢ HOTOYMHOXKHTENSMH, HIHPOKOE MPH-
MeHeHHe JJIsi PerucTpalHH pagHOaKTHBHOCTH HAIIH Tra3o-
paspsifHble CYETYMKHM CaMblX pas3J/IMYHBIX THNOB. Xapakre-
PHCTHKH CUETUHKOB M (POTOYMHOXKHTENEH [1PHBEJEHB! B IPUJIO-
XKeHHH. ['a3opaspsifiHble CUETUHKH IJsi PerHCTPalMH DPajuo-
aKTHBHBIX YacTHIl MOXKHO HCIO0Jb30BaTh C HMITYJIbCHBIMH YCH-
JIMTEJNSIMH, ONIUCAHHBLIMH B rJlaBe nstol. [IpH BK/IOUeHHH raso-
pPaspAAHLIX CYETYHKOB HEOOXOAHMO COr/acoBaTh BXOZHOE CO-
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IIPOTHUBJIEHHE YCHJIMTENSI C BHICOKHM BBIXONHBIM COMpPOTHBJIE-
HHeM cYeTYHKOB. Ec/IH B onHcaHHOH HHXKe CXeMe NPHMEHHTb
rasopaspsiiHble CYeTYHKH, TO YMHOXEHHsS BBICOKOI'O Hamps-
KEHUS OHUTaHus He moTpebyercsi, TaK KaK Qs CUETIHKOB
HanpsiKeHHe NMUTaHHs YacTo He npesbimaer 300—400 6.

Bce ke B JaHHYIO cXeMy ()OTOYMHOXKHTE/Ib BKJOUEH. DTO
CHIENIAaHO /151 TIOBHILIEHH S KayecTBa U3MEPEeHHH, TaK KaK KOJH-
YeCTBO LIYMOBHIX HMIYJbCOB Y (OTOYMHOMXKHTENS CpPaBHH-
TeJbHO HEBEJIMKO, a Paspeliaonias ClIocCOOHOCTb OUeHb BEICOKA
H OrpaHHYUBAETCsl JHULIb 3JIEMEHTAMH CXEMBL.

Ha puc. 8 npuBesena snekTpoHHas cxema npubopa, Koto-
pas B 3aBHCHMOCTH OT THIA JE€TEKTOPA MOXKET CJYKHUTb AJs
perucTpauyH a-, B- HaH y-dactun. Cxema BbIIOJTHEHA HA MOJY-
NPOBOJHUKOBLEIX NpHbopax H mUTaeTcs oT Gatapell Hampske-
HHeM 4,5 6. Ilorpebnsemass momuocts cocraBasier 100 mgm.

Hanpsikenue g1s nutanus poroyMuoxurenss ®Y-35 (J1;)
HOCTYNaeT OT BBHICOKOBOJILTHOIO npeobpa3oBaTesisi Hampsike-
HH$, KOTODHI COCTOMT M3 GPOKHHI-T€HepaTopa Ha TpPaH3H-
ctope Tg H BBICOKOBOJILTHOIO BBIIPSIMHTENS], COOPAHHOrO
[0 CXeMe YMHOXeHHs. Bricokoe HampsikeHHe CTaGM/IH3UPO-
BaHO CTaGHJHMTPOHOM KopoHHoro paspspa CI-303C.

CBeToBble BCOLILIKK, BO3HHKAIOLIME B JeTeKTOpe noj Aefl-
CTBHEM H3JyueHHs, npeobpasyioTcs B POTOYMHOKHTENE B UM-
nynabcel Toka. C aHoza OTOYMHOXKHTENsT HMIYJbCH HOCTY-
MalOT HAa TPeXKAacKaJHBI YCHJIHTeNb C paspellaioliuM Bpe-
MeHeM 4 mKcek. Y CHIIUTENb BHITOJHEH HA TPeX TPAH3UCTOPaX
T1—T4 ¢ KonneKTOpHBIMH Harpy3kaMd. KoagguiueHT ycuie-
s Gosbiie 1000, HO BKJOUeHHe obLlell OoTpUIATENbHOH 06-
patHoit cBs3H Cy,R, cuuxaet ero 1o 150—200. Iis crabunu-
3anuu pabGouedl TOUKH, KaXKJOTO TPAH3HCTOPA BKJIIOYEHHI CO-
NIPOTUBJIEHH S MECTHOH 00paTHO# cBA3H Ry, R; ¥ R,. Bausuue
IyMOB JOTOYMHOXKHUTeEJNs HA PabOTy YCHJIHUTEJsT HCKJ0UaeTcs
conpotHB/eHHeM R;. MIMOyJbCHl ¢ yCHJAHTENS NOCTYNaOT Ha
MyJIbTHBHOPATOP C OJHHM YCTOHYHMBBIM COCTOSIHHEM Ha TpaH-
sucropax T,, T;, KoTopHldl npeAHasHadyeH 1js GopMHPOBaHHS
uMnynscoB. CKOPOCTb cdeTa PErHCTPHpyeTcss MHKpOaMmIep-
MerpoM. Ilepek/oueHHe QHANa3oHOB OCYILECTBJSETCS Iepe-
KimouaTteneM [1,. MukpoaMmmepMeTp rpajiyHpoBaH B HMMYJh-
cax B CEKYHAy. DTO palHOHAJIbHO, TaK Kak mpubop mpepHa-
3HaueH JJsi H3MepeHHs cpelqHed CKOpPOCTH cueTa pasHBIX
YyacTHI.

[TocTosiHHast BpeMeHH perucTpUpyollero npuéopa, ompe-
IeaseMast KonaeHcatopoM Cy;, paBHa nmpuMepHO' 1l cek.
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Hactpofika oco6ex 3aTpyAHeHHH He BbI3biBaeT. [JOAroHKy
KPaTHOCTH JHAaNa30HOB OCYILECTBJSIOT MOXO0POM KOHAEHCATO-
poB C; — C;,. KosnnuecTBO A1ManasoHoB NPHU KeJAaHUH MOXKHO
yBeJHUUTb. [I/1s1 3TOrO NOCTAaTOYHO BHIOPATH MEPEKAI0YaTE/ b
Ha 6oJiblllee KOJHYECTBO IOJIOKEHHM.

Bech npu6op nuraercss oT AByX GaTapeil /sl KapMaHHOTO
¢oHaps, coeqMHEHHBIX NapaJle/bHO.

MpuGop anst cuera CBETOBBIX BCMbilIEK

[Ipubop (puc. 9) npenHasHaueH /Il HEMOCPENCTBEHHOrO
cyueTa CBETOBBLIX BCIBIILEK, T. €. [JIsl ONpejeseHHs] YHCIa HX
B eJUHUIY BPEMEHH, a TeM CAMBIM U JJIs1 HAXOXKJEHHsI UX Cpefi-
Helt ckopocTH. OH MOXKeT ObITh HCIIO/Ib30BAH B KauecTBe Taxo-
MeTpa, a Takxke JaTYHKa NPSMOYTroJbHBIX HMIYJbCOB B aBTO-
MaTHYeCKOH anmaparype.

CBeTOBOH NOTOK, TPOMOAYJIHPOBAHHEIH N0 APKOCTH, Nagaer
Ha repManueBbldl poTonHon O J1-2. @oToauox BKIOUEH B IeNb
6asbl TpaH3ucTOpa T, YTO MO3BOJISIET PACMOJIOKHUTL paGouyio
TOYKY Ha CaMOM KDYTOM Yd4acTKe XapaKTepHUCTHKH ¢oTo-
JMojna, TakK Kak HauOoabluiui npupoct goroToka Habiogaercs
NpH H3MeHeHHH INpHJIOKEHHOro HampsixkerHs or 0 go 1,5 6.
YBeJHUeHHEe SIPKOCTH CBETOBOTO MOTOKA MPHUBOIHT K YMEHb-
IIEHHIO CONpPOTHBJIEHHST (POTOAHOAA, UTO B CBOIO O4Yepelb
BBHI3BIBAET YBeJMUEHHE NPHJIOKEHHOro K oroguony Hamps-
)KeHHs. POTOTOK Pe3KO YBEJIHUMBAETCss H H3MEHsieT MOoJoXKe-
HHe pabouell TOUKH Ha KPHBOH XapaKTePUCTHKH TpaH3H-
cropa T;. .

Takum o6pas3oM, GOTORUOL CIAYKHT HETHHEHHBIM peryJs-
TOpPOM paboTel TpaH3ucTopa T;. YCHJIHTENb COCTOUT H3 Tpex
KaCKajloB, KaxX bl U3 KOTOPHIX BKJIIOUEH 110 CXEME C 3a3eMJIeH-
HbIM 3MHTTEPOM, YeM JOCTHIAeTCs MaKCHMAaJbHO BO3MOXKHBIH
Koagdunuent ycumenus. Bee Tpu Kackaga 06/1aJjal0T eMKOCT-
HOH cBsi3bl0. Jl1si cTabu/u3alHH pekMMa paboThl yCHJHTENs
H JJIs1 JIY4YLIero COrJacOBaHHUA KAacKaJoB TPaH3UCTOPHl T
U T, oxBaueHbl OTpHLATENbHOH OOpPaTHOH CBS3bl0 KaK IO
[OCTOSTHHOMY, TaK U 110 IepeMEHHOMY TOKY (CONpPOTHBJIEHHS R,
u R,). ConporuBnenus R, R; Ry, R; R, cTaGUIH3HDYIOT
TeMIEepPaTypPHBIH pexUM ycHAHTesl. UToObl mpenoTBpaTHTh
BO3HMKHOBeHHe 0OpaTHOH CBSI3H Yepe3 LieNH MUTaHHs, BO BTO-
poil kackaj BBefeH (UABLTP, cOCTOAUHH M3 uenoukd R;C,.

Korpa Ha BXox ycu/auTensi, HapsALy C MOJE3HEIM CHTHAJIOM,
[OCTyNaeT oMexa, BTOPOH KacKaj OrDaHHYUBAET ero 1o MHHH-

2 B. H. Kapaanc 968 17
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MyMy. YCHJEHHBIH NOJe3HBIH CHTHAJ OrpaHHYHBAETCSl TPaH-
sucropoM T; MO MakCUMyMy, UTO JocTHraercsi paGoroit TpaH-
3UCTOpa B pexHMe HacbileHHs. ITonoxurtenbHas obparthas
CBsI3b NOJaeTcsl yepe3 cOnporHBieHHe R,. CoueraHue noJo-
JKHTEJbHOH M OTpHLaTeIbHOH 0OpaTHOMH CBSI3H O3BOJISIET OJTY-
4UTb 60/b1I0H KOIQ)UIHEHT yCHIEHHS U YCTOHYHBYIO0 paboTy.

B npubope mpHUMeHeH CHMMETPHUHLIH TPHITEpP C KOJJEK-
TOpPHO-0a30BLIMH CBsi3stMH. Tpurrep paGoraer B pexHMe nepe-
cyera U co6paH Ha TpaH3Hcropax T, u T;. MMnyabcel nouso-
KHUTEJIbHOH MONSIPHOCTH 4epe3 KoHpencartopul C,, C, u ju-
onst [, O, nmopaiorcsi Ha 6asbl TPaH3HCTOPOB.

Homunanet conpotuBieHu#i Ry, R;; H Ry; mnonobpansi
TaKMM 0Gpa3oM, 4TOObl OuepefHOH 3amyCKalouHil HMmyJbC
BO3AefCTBOBa/l TOJNbKO Ha 06a3y oOTnepToro TpaH3HCTOpA.
Conportusnendst Ry, Ryy, Rys U Ryg ONPENesioT pexuM pa-
6otel Tpurrepa. Kongencarops C;, 1 Cg 00yCJIOBIHBAIOT AJH-
TeJIbHOCTb UMNYyJbca, GopMUpyeMoro TpurrepoM. Urobbl obe-
crieydTb pabory npuGopa B 3aJaHHOM JHANasoHe, €MKOCTb
KOHJIEHCATOpOB MoAOHpaioT onuiTHeIM nyTeM. CdopMHpoBaH-
HBIH TPUTTEPOM NP AMOYTOJBHEIH HMIYJIbC IOAAETCSt B H3MepH-
TEeJIbHYIO 9aCTh 3/JeKTPHUECKOH cxeMul. M3MepHTelb CKOpOCTH
cyeTa COCTOMT M3 MHTerpaTtopa M MHKpoamnepmerpa. B mpu-
Oope nNpHMeHeHAa WHTErpHpYIOIlasl LiemoYyKa, Kortopasi 3aps-
KaeTcs B TMOJyNepHol, Korja TpaHsuctop T, 3anept (3apsii
KoHJieHcaTopoB Cy—Cy, MTPOUCXOAHT Uepe3 CONPOTHBIEHHE R4
u quon /l,), U paspsixaercs 4yepe3 MHKpoamnepmerp, AHOA [
H CONPOTHBJIEHHE OTIEPTOrO TPAH3HCTOpa B NEPHOJ, Korja
OH HAaXOJHTCA B COCTOSTHHH HAacCHILICHHS.

Kongencarop Cg CAyXKHUT A5 LIYHTHPOBAHHST MHKDPOaM-
mepMerpa Mo NepeMeHHOH COCTaBJIsIOllell HHTErpHPOBAHHOTO
CHrHaJ/a, a TaKxke /st MOAJepKaHHs PaspsgHOro TOKa yepes
pPaMKy H3MepHTe/sl B MOJYNepHOJ MOoI3apsiKH KOHJEeHCaTo-
poB Cy—Ciys.

IlepeMennbie cOMpOTUBJEHHS Ry—R,, obJeryaior rpa-
IyMpOBKY npubopa mO NOAMANa3OHaM.

Juanason u3MepsieMOH CKODOCTH c4eTa, COCTaBJSIOUHH
ot 10 1o 5000 BcmbiieK B CEKYHAY, Pa3GHT Ha YeTbipe MOARHA-
nasona: 10—50; 20—200; 100—1000; 500—5000 BcmbiIeK
B CEKYHIY.

OcHOBHAsl MOrPEIHOCTh H3MePEHHS NIPH HCHOJb30BAHHH
npubopa B KauecTBe TaxOMeTpa cocTaBJisieT +2%.

AMnauTyna BBIXOAHBIX HMIYJbCOB IPH HCIHOJb30BaHHH
npu6opa B KauecTBe JAaTYHKa NPAMOYTOJNBHBIX HMIYJbCOB
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cocTaBiisier 9 ¢ Ha Harpyske, npesbiaomeft 5 xom. ITorpe6-
JsieMasi MOILHOCTb He mnpeBbimiaer 100 msm.
[lepexutouatens [, CAYKHUT Jisi BelOOpa HYXKHOTO MNOA-
JAManasoHa H KOHTPOJs MHTaHHS cXeMbl. PerucTpupyiolum
npuGopoM CiayXHUT MHKpoamnepmerp Ha 100 mka.

MpuGop mas onpepenenus 3dheKTHBHOTO
ATOMHOTO HOMepa BellecTBa

Meron axcnpeccHoro onpegeneHdsi 3¢peKTHBHOrO aTOM-
HOrO HOMepa Z,4p OCHOBAH Ha MCCJAEJOBaHHH PACCESTHHOTO
Gera-H3/yueHH s, BOSHHKAIOUIErd NPH 06/1y4eHHH KaKOH-/11H60
cpeasl nmyukom Gera-uactuu [JI. 2].

511157
*I,
201 U7,

-

Puc. 10. Ipu6op ans u3MepeHHs 3¢peKTHBHOTO aTOMHOrO HOMepa
BELIECTB.

IMosToMy npuGop nas onpefeneHHst Z,yy AO/IKEH HMETb
pPaJMOaKTHBHBI H30TON, AETEKTOp, CUETHYIO CXeMy H peru-
cTpartop. B KauectBe HcTOuHHKa GeTa-uacTHl, B npubope npH-
MeHeH pajuoaKTHBHHN usoron Sr®'—Y* (crponuuit 90 -
-+ wrpuit 90, akrtuBHocThiO 0,5 MKIOpU) TOR Ha3BaHHEM
BHC-1.

Iasi neTeKTHpOBaHHsS 0OpaTHO-PACCESTHHOIO H3JYy4YEHHS
B npubope (puc. 10) npuMeHeHHl ABa TOPLOBEIX 'aJIOT€HHBIX
cyeryuka CBT-11. Heobxopumas paspeuraromast cnocoGHOCTb
JIleTeKTOpa JOCTHTAeTCs NMpHMEHeHHeM CXeMbl NapaJlieJbHOro
BKJ/IIOUEHHs CYeTYHKa ¢ pasBs3MBaioluMH jpuogaMu [,—/I,.
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B 370l cxeMe aHOABI CUETUHKA BKJIIOYEHBI MEX1y cOGO uepes
OYeHb MaJyw NPOXOAHYI0 €MKOCTb AHOJOB, YTO yMEHbIIaeT
B3aHMHOe LIYHTHpYylollee JeHCTBHE aHOLOB MEXAY 3JEKTPOl-
HBEIMH eMKocTsiMH. Harpysounsle conporusienusi R,—R; or-
PaHHUYHBAIOT TOK CYETYHKOB JO IOMYCTHMBIX MPELEsOB.

C Harpy3o4HbIX CONPOTUBJIEHHUH CUETYHKOB HMITYJILCH TOKA
NOAAIOTCS HAa HHTErPHPYIOIMHHA KOHTYD HHTEHCHMeTpa Ry,
Ry, Ry u Cy. Ipoccens [p; CAyXKHUT A5t COTIACOBAHHS BHICO-
KOOMHOTO BBIXOIHOrO CONPOTHBJEHHS CUETUYHKOB C OTHOCH-
TeJIbHO HeOOMbILIHM CONPOTHBJIEHHEM MHKpoaMrnepMmeTpa. Ha-
KONMHUTEJbHBIH KOHAeHcaTop Cy 3apsiiKaeTcs yepes JO3UPYole
Kougencaropsl C,—C, ¥ puon ;. OpHoBpeMeHHO KOHAEHCa-
top Cy paspsixkaercs uepes COnpoTUB/EHHEe Ry H MHKpoOaMIiep-
MeTp.

B ycraHoBHBIIEMcsi pexHMe uepe3 MHKpOaMIepMeTp Mpo-
TeKaeT TOK, BeJHYHHA KOTOPOro NPOMOPIHOHAIbHA CpenHe
4acToTe CJEeNOBaHHS HMNYIbCOB. DTa YacTOTa TeM G0oJblile, UeM
Bbllleé HHTEHCHBHOCTb pPErHCTPHPYEMOro H3JyUYeHHs, HJIH,
B KOHEYHOM cuyeTe, yeM Bhlllle 3(peKTHBHBIH aTOMHBIA HOMep
HceJae yeMoi npo6bl. :

[TotenuuomeTp R;; CAYKHUT AJs YCTAHOBKH UYBCTBUTEb-
HOCTH mnpH6opa mnpH KaJUOPOBKE €ro HIKaJIbl.

Hcrounnkom Beicokoro HanpsikeHHs (390 6) /s nHTaHHSA
raJIOTeHHbIX CYETYHKOB CJYIKHUT peoOpa3oBaTelb, BbIIOJHEH-
HBIH 1O cxeMe camoBo3Oyxpaiomerocsi GJOKHHI-reHepaTopa
Ha TpaHsuctrope [1201A c¢ KossekTOpHO-6a30BOH 0OpaTHOH
CBS3bBI0.

C nosbiaroimeil o6MOoTKH TpancdopmaTopa Tp, BHICOKO-
BOJIbTHbIe HMIYJbCHl MOJAIOTCS HAa KpeMHHeBHIH auHOA /I,
H KOHfAeHcaTop ¢uabTpa C,.

BeicOKOE BBIIPSMIIEHHOE HaNpsiKeHHe CTaGHJH3HpyeTCs
cTabuauTpoHoM KopouHoro paspsina CI-301C. CompotHBie-
HHe R, sBJsercs onHOBpeMeHHO (HABTPYIOWMM H Gasnact-
HBIM.

[lepBHYHBIM HCTOYHHKOM MHTAHHS NpeoOpasoBaTess CJy-
XKHT CyXOH 3/1eMeHT HampsixkenHeM 1,5 6.

Perucrpupyromuit npubop kaaubpoBaH B eIHHHIAX aTOM-
HBIX HOMepoB. [l/is 60Jiee TOYHBIX H3MepeHHH B npHOOpe mpe-
NyCMOTpeH BBHIXOA Ha BHeELUHee MepecyeTHOe YCTPOHCTBO
(pa3vem P,). Brixon paccurrtan Ha pabory ¢ npu6opom I1C-20.

Jnanaszon uamepeHnusi aupeKTHBHOTO aTOMHOI'O HOMepa —
ot 6 no 30 npu ocHOBHO#H morpemHocTd =+0,5 aTOMHOr0 HO-
Mepa. I1pu noMomu sToro npuéopa MOMXKHO OLEHHBATh COAEP-
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)KaHHe Keses3a, CBHHIA, PTYTH H JPYrHX METaMJOB B MOHO-
MeTaJJIHYeCKHX pYyHax.

/s OUEHKH COfepIKaHHS DYyAHOTO 3JeMeHTa B mnpobax
npu6op NpeABapHTE]bHO TPAAYHPYIOT MO 06pa3LOBLIM Ipe-
naparaM, HMeIOIUM Ty HJIH HHYIO KOHIIEHTPalHIO JaHHOT O 3J1e-
menTa. Il KaKI0ro 3JieMeHTa H Kaxk ol cepHH npob OXHOro
MEeCTOPOXKJIEHHSI CTPOST IPafyHPOBOUHBIA rpadHK B KOOPAH-
HaTax: cCOXepIKaHHe OnPeaessieMoro 3jieMenTa (B NpOoueHTax)—
nokasanue npu6opa (B HeJEHHSIX €ro LIKAaJbI).

r'J1ABA BTOPAA

NMPABOPHI 1Ji U3MEPEHHUA
MATHHUTHBIX MOJIEA

CylnecTByeT MHOTO METOJOB H3MePeHHs] MarHHTHBIX moJiel
H MHOTO MpHGOPOB, CKOHCTPYHPOBAHHBLIX NPHMEHHTEJILHO
K 0COOEHHOCTSIM TeX HJIM HHbIX H3MepeHHu#. Tak, cneuuasbHbe
npHGOpPHl CO3MaHbl /151 H3MEepeHHs MOJsl B 3a30paX MarHHTO-
3JIeKTPHYECKHX NMPHOOPOB H B BO3AYIIHBIX 3230paxX 3JIEKTPH-
YecKHX MallHMH, JAJs HU3MepPeHHs OCTaTOYHOTO MarHeTH3Ma
Jerasiefl MallMH, AJa8 OOHapy:KeHHs ¢GeppOMAaTHHUTHBIX BKJIO-
YeHH# B HEMarHUTHBIX MaTepHaJax u T. 4. Hemano cnenuaib-
HBIX NPHOOPOB pa3apaboTaHO TaKkKe IJs1 Pa3JHYHBIX obGJjacTed
HayKH U TeXHHKH, CBSI3aHHBIX C H3MepPEeHHEM MarHUTHBIX MoJel
H MarHHTHBIX CBOHCTB BCEBO3MOXHBIX BEIECTB.
KoHerpykiiHio npubopa onpejensiior: a) ycJaOBHS JOCTyIa
K MecTy H3MepenHsi; 6) Tpe6OBaHHS K TOYHOCTH H3MePeHHs
"W B) 9KOHOMHYHOCTb. Hanpumep, Bos3aylHbiil 3a30p B xKenes-
HOM MarHHMTONPOBOJE JOCTYIEH TOJNbKO B HampaBJIeHHH, pac-
TIOJIOXKEHHOM IO NP SIMBIM YI'JIOM K CHJIOBBIM JIHHHSM, a OTBEp-
CTHE MarHUTHOH 3JIeKTPOHHOH JIHH3BI HOCTYNHO TOJMBKO B Ha-
NpaBJIeHHH, Napa/ie]bHOM CHJIOBHIM JHHHMAM. 15 H3Mepe-
HHSl 1OJs 3eMJIH HYyXKeH BbICOKOTOYHBIH, UYYBCTBHTEJbHBIH,
MaJjiorabapHTHbIH npHOOp. l3MepeHHe HEOXHOPOHLIX MOJeH
TaK¥Xe HMeeT CBOH OCOOEHHOCTH, MOCKOJIbKY H3MepHTeNbHbIH
3JIEMEHT OINpejensieT -TOMbKO CpeiHee 3HaueHHe MarHUTHOH
HHAYKUHMH B NPOCTPAHCTBE, 3aHATOM CAMHM H3MEPHTeJbHhIM
npHGOpoM.
OG6bIYHO H3MEpPHTENBHOMY 3JEMEHTY CTapaloTCsl NpPHAATh
HaHMeHblIHe pasMepnl, He YXyAlIas MPH 3TOM KayecTBa H3Me-
penui.
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Meron namMepeHH st MArHUTHOTO N0JIsI, OCHOBAaHHBIH Ha sIfep-
HOM pe30HaHCe, CIPaBeNJHBO CYHTaeTCsl abCOMIOTHBHIM H HaH-
60J1ee TOUHBIM H3 CYLIECTBYIOIIHX B HACTOsILIlee BPeMsi, OXHAKO
OH He paccMaTpHBaeTcsl 3Jecb H3-3a ero CJOXHOCTH. Haio-
JKeHHe OrpaHHYHBAeTCs PacCMOTPeHHEeM JBYX METOJIOB H3Me-
pPEeHHs] MarHUTHOTO TNOJSI C NOMOLLbIO: a) (eppOo30OHIOB H
6) natuvkoB Xosana. Ecau ¢eppo3oHnoOBbe JaATYHKH MarHut-
HOTO [OJIsl TMpeJHa3HauyeHbl B OCHOBHOM JJIsl H3MepeHHsl Ma-
THHTHBIX N0JIed MeHbllle OJHOI'0 9pcTea, TO AaTYHKaMH X oJ11a
H3MepSIOT NOJs1 OT OXHOI'O JO HECKOJbKHX THICSY 3PCTeN.

PaccMoTpenue TOBKO 3THX ABYX THIIOB JAaTIHKOB MarHUT-
HOTO IOJIsI ONPAaBJaHO TeM, YTO CpefH BceX NaTYHKOB JAHHOTO
Ha3HaueHHUsi OHH HanboJjiee COBpPeMeHHBI, 06/1aJal0T HaNMeHb-
IIHMH ra6apuTaMy H HaH6o/blled YYBCTBHTENBbHOCTBIO H X TO-
My ke He TpeOyIOT CI0KHBIX H3MepUTeNbHEIX cXxeM. Peppo3oH-
JOBBIH JaTYHK MOMKHO H3TOTOBHTb U He B CHElHAJbHBIX YCJO-
BHSIX, a JaT4HKHM XOJJa MOXKHO 3aKa3aTb.

[Mpocrefimu#i ¢deppo3oHAOBBIH HAaTYHK MaTHHTHOrO IOJS
COCTOHT H3 NepMaJslIoeBOrO CTEepPXkHs, 1O Bceldl AJHHE KOTO-
poro pasMellena Karymka. PH3HyecKas CYIIHOCTb H3Mepe-
HHSI MAaTHHTHOTO MNOJsl ¢ NMOMOIIbI0 eppo30Ha 3aK/o4aeTcs
B TOM, YTO CepJEYHHK NOBOLHTCS HO COCTOSIHHS MarHHTHOrO
HacCbIIleHHS] TOKOM TeHepaTopa ONpelej]eHHOH YacTOThl
(puc. 11, a). Ecau Ha cepieuHHK HAJIOXKeHO c1aboe MoCTOsH-
HOe MarHHTHOE M0JIe, TO Ha KaTyLIKe NOsBJIsSIeTCS HanpsiKeHHe
YeTHBIX I'APMOHHK, BEJIHUHHA KOTOPOTO CJYXKHT MepOH Hamps-
JKEHHOCTH IOCTOSIHHOI'O MarHHTHOI'O MOJISl. DTO HaNpsKeHHe
OoTGUILTPOBBIBaETCS M H3MepsieTcs. [Haue rosops, aercrBHe
(eppo30HAa OCHOBAHO Ha TOM, YTO MAarHHTHHIH NOTOK B cep-
JeuHHKe JaTudKa, O0YyCJOBJIEHHBIH H3MepsieMblM MarHHUTHBIM
noJieM, MOAYJHPYETCSl BCIOMOrare/JbHbIM NepeMeHHbIM N0JeM
Bo30yxkaeHusi ceppeunuka [JI. 3]

PaccmoTpennasi cxeMa mJjioxa TeM, YTO B HeHl 3aTpPyAHEHO
u36aB/ieHHe OT HANpsKEeHHs] OCHOBHOH 4acTOTHl H HEYETHBIX
rapMOHHK; IO3TOMY Ha NpPaKTHKe LIMpe MPHMEHSIOT CXeMy
¢ AByMs cepieunukamu (puc. 11, 6). Hanuuue 1nByx ceppeu-
HHUKOB yMEHbIIAET aMIVIUTYy HanpsixKeHHs] HEeUETHBIX rapMo-
HHK Ha BbIxofe ¢(eppo30oHHOBOro jaTyuka. IlepBHuHble 06-
MOTKH, 06pasyioniue [ens Bo36yxkaeHHs $Heppo3oHja, COelHu-
HEHbl MOCJIEOBATEIbHO U BCTpeuHo. [ToBepx o6MOTOK BO306Y-
XKJIeHHsl pacrosiokeHa obmiasi (BTOpPHYHAs)) H3MepHTe/bHas
obMoTka. B 06MoTKH B0O3OyKaeHHS mojaercss OT TeHeparopa
IepeMeHHbI!l TOK TaKOH BeJHYHHBI, YTOOBI MaTepHaJ cepjey-
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HHKOB HepPHORHYECKH JOBOAMJCH J0 COCTOSHHS MarHHTHOTO
HacelleHHs. [IpH HaMMUMK BHELIHEro MarHHTHOTO MOJIS B H3-
MepHTeNbHOH OOMOTKe NOSIBJISIETCS HAampsiKeHHe YeTHBIX rap-
MOHHK, NPONOPIHOHANbHOE BeJHUHHe nojas. Pas3a BHIXOAHOTO
HanpsKeHHU 1 YeTHBIX TAPMOHHK MEHSIeTCs C H3MEHEHHEeM 3HaKa
BHELIHero MarHuTHoro mnoss Ha 180°. UyBCTBHTEIBHOCTDb

Puc. 11. ®eppo3ongsl ¢ OZHHM CepAEYHHKOM (@), C ABYMsl ceplAeYHHKaMH
(6), TopouzanbHOro THIA () H CNOCOGE! H3MEPEHHsI: IIPSIMOY (2) H KOMMeHCa-
LHOHHBIH (D).

1 —reHepaTop 4acToThl, 2-— ¢eppo30HA; I — u3OHpaTeJbHBIH BOJIbTMETD *
4 — MHKpOaMnepMeTp; 5 — YCHJHTeJb YeTHBIX FaPMOHHK.

(beppo30HAa NPOMOPIHOHAJIbHA CEYEHHIO CEepAEYHHKA, YHCHY
BHTKOB U3MEePHTEJbHOH OOMOTKH H 4acTOTE TOKA BO30YKIEHHUS.

W stor $eppo3oHA He JHIIEH HeJOCTATKA: OYeHb TPYAHO
noxo0paTh ABa OAMHAKOBBIX CepIeYHHKA, MEXKIY TEM CKOJIbKO-
HUOYAb 3HAYHTEJbHOE pas3JjiHYHe B HUX CBOHCTBAX MPHUBOILHUT
K MOSIBJICHHIO HANPSXKEHHS OCHOBHOH YacTOThl H HEUYETHHIX
TapMOHHK.

DTOT HENOCTaTOK YCTpaHeH B CXeMe, NOKa3aHHOH Ha
puc. 11, 6. 3nech GeppO30HAOM CIIYKHT TOPOUAAJIBHEIHA (KOJIb-
11eBOH) CepAeUHHK M3 MepMaJoeBO JIeHThl, Ha KOTOpPOM pac-
NOJIOXKeHb! Be OOMOTKH BO30YyXIeHHsi L, u L,, BKJIOUEHHbIE
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NOC/Ie0BaTEIbHO, H JiBeé M3MepHTe/NbHble 0OOMOTKH Lg H L,,
BKJIIOUEHHBlE HOCJAe0BaTeNbHO, HO BcTpeyno. Pepposonj
TOPOHJAJILHOI'O THIA OTJIHYAETCsl OT OOBIYHBIX TOPOHIAJIbHBIX
TpaHcopMaTOpoB crioco6OM pacrnosiokeHnsi 06MoTok. B dep-
PO30HJe TOPOMAAJBHOrO THNA OOMOTKH pachpejiesieHbl pas-
HOMepHO Mo 06eHM NOJIOBHHAM CepJleYHHKa, KaTyIUKH PaBHb!
N0 AJMHE, PAacCTOSiHUS MeXAy HUMH oiHHakoBnl [JI. 4].

ITo npunuuny pa6oTel TakOH (peppO3OHJ HHUEM HE OTJIH-
yaercsi OT ¢eppo3oHAa cTepkKHeBOro TtHma. Hanpsixkenue
OT reHepaToOpa NocTynaer B 0OOMOTKH BO30YXKAeHHS H cepaeu-
HHK [epHOIHYEeCKH MOBOJHUTCS N0 COCTOSIHHS MarHHTHOTO
HacbilllenHsi. [IpH Ha/JHYHH BHEIUHEro MarHUTHOrO NOJS 1O
ocu O—O’ B uU3MepHUTeNbHBIX 00MOTKax L, u L, mosiBisieTcs
HanpsiKeHHe YeTHbIX IapMOHHK, H MHKDOaMIepMeTp ¢ IOo-
MoiIbio (a304yBCTBHTENBHOrO BEINPSIMHTE/SI HA AHOJAX MOKa-
3bIBaeT 3HaK H BeJIMUUHY 10Jis1. C NOMOIIBIO CONPOTHBJICHHH R,
H R, MOXHO yMeHbIIaTb HamnpsKeHHe HeYeTHHIX TapMOHHK
Ha BBIXOJE.

Topounanbubiil ¢deppo3ony obJsanaer ABYMs JAOCTOHHCT-
BaMH: BO-NIEPBBIX, MaJOCTbI0O HaMarHHYHMBAIOLIETO TOKa, 00y-
CJIOBJIEHHOH TeM, YTO MarHHTHas lLenb 3aMKHyTa, H, BO-BTO-
PBIX, MaJIOCTbIO HaNpsXKEHHs HEeYeTHBIX TaPMOHHK Ha BLHIXOAE
cxeMbl, 00yCJ/IOBJIEHHOR TeM, YTO MarHUTHbIEe CBOMCTBA KOJblie-
BOTO CepJeYHHKA OAMHAKOBO BJHSIOT Ha Becb ()epPO3OHI,
a He Ha OTJeJbHBIE €T0 NOJIOBHHEl, KaK B (eppo30oHJe Ha ABYX
cepleyHHKaX.

HamepsAiTb MarHuTHBIE NOJS C NOMOLLbI0O (eppO3OHI0B
MOXHO JBYMs CIOCOGaMH: MpPSIMBIM H ' KOMIEHCALHOHHLIM.

Ilpp npsiMmoM crnocobe dheppo30OHL, YCHAHUTENb H OT-
cyeTHbIl mpHOOP paboTalOT KaK yKasaTelb HHTEHCHBHOCTH
noas (puc. 11, &). dror cnoco6 mpoct, HO TpeGyeT BHICOKOH
CTabHJIBHOCTH HCTOYHHKOB nHTaHusi. Ero npuMeHsor AIs
pellleHHs] NPOCTHIX H3MEPHTEJbHBIX 3ajau.

Ilpy KoMnNeHcanmUHOHHOM crnocobe ¢eppo3oHk
H YCHJHTeNb HEHCTBYIOT TOJBKO B KauecTBe HHIHKaTOPOB
HyJisl, BeJJHUUHY K€ MOJIS OTCUMTHIBAIOT 1O NMpHOOPY, H3Me-
psiollleMy TOK KoMneHcauuH (puc. 11, 0). dtor cnocob, npu
KOTOPOM CTalHJIbHOCTb NOKa3aHHH 3aBHCHT TOJBKO OT HO-
CTOSIHCTBA HCTOYHHKA TOKa KOMIIEHCAIMH, YJOBJETBOPSET
6osnee BHICOKUM MeTpHUecKHM TpeGoBaHHMsIM. TOK KoMIeHca-
IHH OOBIYHO MOJAeTCs B KOMIIEHCALMOHHYIO KaTyLIKy, HaMo-
TAHHYIO MO BCeH JyIMHe (epPO30HJa MOBEPX H3MEPHTe/IbHOH.
MoxHO nopaBaThb TOK KOMIIEHCAUHH H B H3MePHTE/bHYIO
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KaTYILKY, HO JJIsl 3TOr0 HeOOXOXHM pa3BA3LIBAIOMHA GHIABTP.
ToOK KOMIEHCAlUH CO3JaeT MarHHTHOE MoJe, NPOTHBOMOJIOK-
HOe MO 3HaKy BHelIHeMy moJiio. KMi3Mepsisi TOK KOMIEHCAIHH,
ONpeNesioT BHeLllHee MarHHTHOE IoJe.

PaccMoTpenHble  (eppo3oHOBLIE JATYHKH MAarHHTHOTO
noJisi TNPHMEHSIOT B METa/JIOMCKaTeNsiX, MarHHTOMeTpax,
MarHHTHHIX JedeKTocKonax, AHCTaHIHOHHBIX KoMmmacax, arm-
naparax MarHHTHOH 3amHCcH H BO MHOTHX ApPYyrux npuéopax.

YyBcTBUTEIbHBI MarHHTOMETP HAa NOJYNpPOBOAHHKAX

Ha puc. 12 npusenena cxemMa npocToro 4yBCTBHTENbHOIO
npubopa AJaA H3MePeHHS MOCTOSIHHBIX MATHHUTHBIX MoJel
B jauanasone ot 0,001 go 0,5 3. [IpuGop BHINONHEH HA MOJY-

Py 9 o= A
1, l[ ‘gﬂ o it o

]

!

701003 [ 0,
at 3o
A, 496

-

Puc. 12. UyBcTBHTeNbHRIH Mar-
HHTOMETP Ha MOJYNPOBOLHHKAX.

NPOBOAHHKAX M NuTaercs oT GaTapei. MarHuTOUyBCTBHTE/ b
HBIM 3JIEMEHTOM CJIYXKHT (peppO30HAOBHIH AaTYHK MarHHTHOTO
noas. O6MOTKH BO30OYyXKAeHHsl JaT4HKa L; u L, BKJIIOYEHB!
NoC/Ief0BaTeNIbHO U BCTpeuHo. MamepHTenbHass o6MOTKa L,
HaMOTaHa MnoBepX oOMOTOK B030Oyxpaenusi [JI. 5].

Jlansi maTaHMs 0OMOTOK BO30OYKAEHHST TOKOM H4acTOTHl 2 Key
CJIyXKHMT JABYXTaKTHBHIA TeHepaTop ¢ HHAYKTHBHOH 0OpaTHOH
cBf3b10. PeXXHM reHepaTopa cTaGHJIH3HPOBaH 110 IOCTOSHHOMY
TOKY MNpPH NoMolM JAejaHuresns Rg, R,. Has BripaBHHBaHHA
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aMIJIUTYABl HanpsiXKeHHs! BO3OYXKIEHHS CJHYKHT NOTEHIHO-
Metp R,. Hanpsikenne Bo36yxjenuss — nopsiaka 1,5—1,8 a.

Hanpsixenue 4eTHBIX TapMOHHK, MPOMNOPIHOHAJBLHOE
BHEIIHEMY MOJII0, C H3MepHTeNbHOH OO6MOTKH L, mocrymaer
Ha BxojgHo#l TpaHcpopMatop Tp,. C mnomompio KOHAEHCA-
Topa C, BXOIHYIO IeNb HaCTPaHBAIOT B Pe30HAHC AJIsl yJIyulile-
HHs1 U3OUpaTEeNbHOCTH. ¥ CHJIHTENb HA TpaH3ucropax Ty, T,,
T., T, aBasiercsi H36upaTesbHEIM (Ha304yBCTBUTELHBIM MH-
KpOBOJILTMETPOM. CBSI3b MEXAY ABYXTaKTHBIMH KacKajaMH —
TpaHchopMaTOpHasi, MpHYeM flepBHUHBIE OGMOTKH TpaHcdop-
matopoB Tp, U Tp, HAcTpoeHH B pE30HAHC KOHAEHCATO-
paMu C, u C,. Pe3oHaHCHBIHi yCH/IHTENb MO3BOJSET YETKO
BBLICJNHTb BTOPYIO TapMOHHKY 4actoThl 4000 ey ¥ monaBHTH
HeueTHble TrapMOHHKH Ha 30—40 06.

Jns TeMnepaTypHOH CTaGMJIM3aUMH YCHJHTENs CJyXKaT
CONpPOTHBJIEHHSI 00paTHOH cBsi3H Rg, R;, Ry, Ry3. Pexum
TPaH3HCTOPOB IO MOCTOSIHHOMY TOKY NMOAOHPAIOT ¢ MOMOLIbIO
nenutenedt R,, Ry H Ry, Ry;. Beixon ycuautensi HarpymxeH
Ha ()a30uyBCTBHTE/bHBIH CHHXPOHHBIH JI€T@KTOp, BHIMOJHEH-
HBI Ha JABYX repManueBnix auojax /I, u [, BKJIOYEHHBIX
IvddepeHIHaNbHO 0 CXeMe OJHONOJNYIEPHOIHOIO BEIIPAMJIe-
HHs1. OcOGEHHOCTBIO AeTEKTOpa SIBJISI€TCSI 3aBHCHMOCTD NOJISIp-
HOCTH BBINPSIMJIEHHOTO HaNpsKeHHs1 Ha BHIXOJE JeTeKTopa
oT ¢asbl BTOPOH TapMOHHKH, MOCTyNalmed ¢ yCHAHTeNs
H 3aBHCAIIEH, B CBOIO o4epelib, OT 3HaKa H3MepsieMOro MarHuT-
HOTO TOJS. )

BDTo joctHraercs Nojayell OMOPHOrO KOMMYTHPYIOLIEro
HamNpsXKeHHUs OT TeHepaTopa Ha ZUOJpI, UTO BhI3bIBAET CHHXPOH-
HOe C CHTHAJIOM M3MeHeHHe NMPOBOXZHMOCTH AMOJOB H ofecre-
" yyBaeT ()a304yBCTBHTE/NbHOE BLINPSIMJIEHUE. Y IPOILIEHHO pa-
60Ty CHHXDOHHOTO JeTeKTOpa MOXHO IpPEeICTAaBHTh CJeAy-
omKuM 06pasoM.

[1pH npOXOoXAEHUH MOJIOKHTENIHHOTO OMOPHOTO HaMpsXKe-
HHSl o6a NHONA ONHOBPEMEHHO OTHHpaioTcs. TOK, MpPOXOAs-
IUH Yyepe3 CONPOTHBJICHHS H KOHJEHCATOPHl, CO3JlaeT NajJeHHe
HanpsiKeHHs1, HeoOXOOUMOe IJIsl OTCEUKH AUOXOB. ¥TOJ OT-
CEYKH JHOMOB, ONpene/sieMblil BeJHUMHAMH 3THX 3JIEMEHTOB,
BLIOHPAIOT paBHBIM Tt/3, UTO o6eceyHBaET MojaBJeHHe TpeThel
rapMOHHKH cHrHasa. [Ipu oTpuumarenbHOM mosynepHope Ha-
NpsiKeHHUsl FeHepaTopa CUrHaJs BTOPOH rapMOHHUKH He JeTeKTH-
pyercsi, TaK KaK AHOAbI 3anepThl. [lJjis mosyuenss MakcHMaJb-
HOTO BBIIPSIMJIEHHOTO TOKa Heo6XOAHMO, 4TOoObl HampsiKeHHe
curfana OblJIO CABHHYTO MO (ha3e OTHOCHTEJIBHO OMOPHOIO
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HanpsixKeHHs: Ha 7/2. DTO BHI3BAHO YCJIOBHUSMH paboTHl, TakK
KaK 4acTOTa CHrHaJjia B [Ba pasa GoJibllle YacTOTHl OMOPHOrO
nanpsixxeHus. Benuuuna omopHOro HampsixKeHHs, NOCTyna-
IOLIEr0 OT reHepaTopa, COCTaBJsieT OKoJo 8—9 6, yacrora
2 Key. Harpyskoil meTekTopa CJAYXKHT MHKpOaMIepMeTpP Ha
50 mka c HysneM mnocepenuHe.

BoJjiee gmerajsbHOe NOsiCHEHHe NpHHOUNA paboTel (aszo-
YYBCTBHUTEJNbHOIO AETEKTOpPA MOXKHO HafiTu B pabotax [JI. 6
u 7l

Bces msmepurtesbHast cxeMa OXBaueHa OTpHIaTeNbHOH 00-
paTHOH CBsI3bl0, KOTOpas 4epe3 CONMpOTHBJIEHHe R, mojaercs
Ha KaTyIKH Bo36yxaeHHsi. C MOMOLILIO 3TOT'0 CONPOTHBJIEHH ST
H3MEHSIOT JHaNna3oH uaMepeHus. [1Jig KOMIEeHCAHU BHEIIHEro
MarHUTHOT'O M0JISI MOXXHO NPHUMEHHTh HeGOJbLIOH MOCTOSIHHBIH
MarHuT, 3aKpenuB ero Ha JaTuHKe.

BpaieHHeM MarHuTa BOKPYT OCH KOMIEHCHDPYIOT BHellIHee
nose go 0,5 a. HOTpeéJmeMbm npubOpOM TOK He NpeBbillaeT
50 ma. Il.nﬂ TOUHBIX M3MEPeHHH HanpsiKeHHe MHTaHHS JO/IKHO
cocraBaaTh 4 ¢ +2%.

@Deppo30HAOBHIH JAaTYHK COCTOHT H3 ABYX NepMaJIoeBbIX
cepreunnkoB Mapku 8O0HXC 0,1 X 1,5 X 46 mm. Ha kaxawiil
CepeYHHK B OTHEJBHOCTH HAaMOTaHO 1o Bo30yxkniamwliel 00-
motke u3 800 BuTkoB npoBoja I[I9B-2 puamerpom 0,1 mm.
CepreuHHKH NapaJjjielbHO 3aKpemJieHs B KapKace, paccros-
HHMe Mexny HuUMH 2 mm. CBepxy HaMoTaHa H3MepHTeNbHasl
o6MoTKa, coctosimas u3 2500 BUTKOB TOTO ke mpoBoga. s
NpefOXpPaHeHHs] OT MeXaHWYeCKHX NOBpeXIEeHUH BCS KOH-
CTPYKIHSI 3a/IHTa FOJI0BAKCOM H NOMellleHa B GYT/IsIp U3 mJacT-
Maccel. JIaT4HK COelMHEH ¢ NPUGOPOM SKPaHHPOBAHHHEIM Ka-
GeneM anuHOH 5—7 M.

MakcHuMa/sibHasi YyBCTBHTENbHOCTh NMPHOOpPAa TaKoOBa, 4TO
NpH KOMIEHCAUHH BHEIIHEr0 MAarHHTHOTO MOJs 10 HyJs
CTpeJIKa MHKpoaMmInepMeTpa MO BO3AeHCTBHEM MarHHTHOrO
HOJI KaHIEeNSIPCKOH KHONKH, pacrnosoxeHHOH B 150 mm
OT JaTuMKa, OTKJOHsercs Ha 10 nenenuii.

MpuGop nas ompenejeHHUss HAMarHWYEHHOCTH H MArHHTHOM
BOCOPUUMYHBOCTH PaA3JHYHBIX BelleCTB

Hanomuum, 4To BelllectBO, Oy AyuH NOMelleHO B MarHHTHOE
nose, HaMarHMYMBaeTCs, T. €. CaMo NMpHOOpeTaeT MarHUTHbIE
cBoicTBA. MarHUTHLIH MOMEHT eJUHHUIb 06beMa HaMarHH4YeH-
HOI'O TeJjla Ha3blBAlOT HaMarHHYeHHOCTH . Cno-
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COOHOCTb BelllecTBAa K HaMarHHYHBaHHIO ONpeje/sieT OTHOIe-
HHe HAaMarHWYeHHOCTH K HaNpSXKeHHOCTH BHELIHEro MarHur-
HOTO TNOJIsi, BHI3BIBAIOLEr0 HaMarHW4eHHe, H MO3TOMY, M a -
FHHTHY BOCNPHHMUYHBOCTDL MOXHO Ompe-
JIeJUTb KaK KOa(dHIUEHT NPONOPUHOHAIbHOCTH MEXAY HaMa-
THHYEHHOCTBIO H BHELIHMM MarHHTHHIM nojeM. HaMepenue
HaMarHM4YeHHOCTH H MarHHTHOH BOCIPHMMYHBOCTH Pa3JHUYHBIX
BellleCTB JaeT MHOI'O L€HHBIX CBEJEHHH O MpPHpoJe U CBOHCT-
BaX HCCJeLyeMOro BellecTBa.

Ha puc. 13 nokasana cxeMa npubopa, H3MepsIOIEro yKa-
3aHHBble BeJHYHHbI HeppOMarHUTHHIX, TapaMarHHTHBIX M JHa-
MarHUTHBIX BellecTB. CxeMa COCTOMT H3 TeHepaTopa, TOpO-
HJaJbHOrO (eppO30HAa, H3MEpPHTEIbHOr0 H36HpaTeNbHOro
YCHJIHTENIsl, CHHXPOHHOrO JeTeKTOpa H PerHCcTPHPYIOUEro
npubopa.

['eHepatop B036y:KAeHHs BBIIONHEH HAa ABYX TPAH3HCTO-
pax T, u T,. IlepBulii Kackag — 3ajjalolldi, 4acTOTa reHepa-
LY paBHa 3 Key M onpejessieTcs napaMeTpaMi KaTyIIKH L,
C OTBOAOM OT cepelHHbl M KoHAeHcaTopa C,;. Ycroiuusyio
resepanHio ofecrneyuBalOT nog60pOM BeJTHYHHB 0OpaTHOMH
CBSI3H C CONPOTHBJIEHHS R, uepe3 comporuBJeHne R; Ha 6asy
tTpansuctopa T,. 3anawiuii reHepaTop M BLIXOAHOH KacKak
CBsi3aHbl Mexay coboil uepes KoHnencatop Cg H CONpPOTHBIIE-
HHe R;. Hasnauenue conporuBienuss R;— yMeHbIIATh BJAHSA-
HHe BBIXOIHOIO KacKaja Ha TpaHaucrope T, Ha 4acTOTy 3aja-
folnero reHeparopa. 15l TeMnepaTypHOH cTaGH/IM3alHH BCEero
reHepaTopa CJyXaT AeJHTeJH HaNpsKeHUs B Hensax 0es
TPaH3HCTOPOB R,, Ry H Ry u auox [, (tuma I7)K).

Hanpsixxenue reHepatopa, CcOCTaBJslOLIEE OKOJIO 2 8,
nocrynaer Ha (eppo30OHIOBbIE JATYHKH TOPOHAAJBHOIO
tuna Tp, u Tps. O6a paTuHKa COBEPLIEHHO HAEHTHUHBI MO
croco0y H3rOTOBJIEHHS H MO KOHCTPYKIMH, HX HepBHUYHbIE
OOMOTKH BKJIIOYEHBI MOCJeOBaTeIbHO. TaK Ke Ioc/efoBa-
TeJIbHO OHH BKJIOUeHhl Mexay coboil. BropnuHble OOMOTKH
jgatunka Tp, coenHHeHbl MexAy co0OH mnoC/IefOBaTeNbHO,
HO BcTpeyHo. Taxk ke coefHHEeHBl IPYr C APYI'OM BTOpHUHbIE
o6MoTKH faTuHKa Tpg. Mexny co60i CeKIHH BTOPHUHBIX OOMO-
TOK OOOHX JaTYHKOB COEAHHEHBl IOCJENOBAaTENIbHO, HO
BCcTpeyHo. ToukaMu y oOMOTOK Ha cXeMe JNaTUMKOB 0003Ha-
YyeHKl Hayaja OOMOTOK. .

CornacoBaHHe CeKIHH BTOPHYHBIX OOMOTOK JaTYMKOB
Mexay coboii obecriedeHO MX IIYHTHPOBaHHEM IOCPEACTBOM
conporuBneHudi R,—R,.
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Kaxapi#t gaTuK BHINOJIHEH B BHJIE TOPOHIAJBHOrO Cepley-
HHKa H3 YeThipeX BHTKOB MepMaJiJIoeBOH JIEHTHl TOJILIMHOH
0,1 mm v mupunoit 6 mm. Huamerp Koabua 40 mm. Jlenra
CHapyXH M M3HYTPH 3aujyiieHa 300HHTOBBIMH KOJbLIAMH,
CTEHKH KOTOPHIX HMeIOT B TOJMUHY | mm. OGMOTKH Ha KOJblIe
pacrnoJioxKeHbl CHMMETPHYHO OTHOCHTENBHO ApPYr apyra. Pac-
cTosiHHEe Mexny obMotkaMH — no 10 mm. Kaxpas o6Morka
cozepxut 1o 400 Butkos npoBoza [19B-2 guamerpom 0,2 mm.
O6a paTuuka npuHGOpa PacCMONONKEHBH COOCHO — ocH 0—O0' .
HMEIOT OJHO HanpasjeHHe (cM. pHc. 11, 6). Karyuiku MoxHO
PacnoJioXHTh B JI0GOH IJIOCKOCTH.

Korpa nMeercst BHelllHee MarHHTHOe MOJe, TO CHCHAJX Ha
BBIXOJIE CHCTEMEI OTCYTCTBYET (HaBeJleHHbIE CHTHAJIbI B KAXKI0M
JIAaTUHKE N0 OTHEJbHOCTH KOMIIEHCHPYIOT APYT Apyra cnocobom
BKJIIOUEHHSl KaTylleK) H H3MepHUTeNbHHIH YCHJHTEIb He pa-
6oTaer.

Ecnu B OfHH M3 JaTYUKOB NOMEINAIOT BEIECTBO, N0 CBOHM
MarHUTHBIM CBOMCTBAM OT/IHYaloLIeecs OT BO3LyXa, TO CHCTeMa
BBIXOJHT H3 PaBHOBECHs H Ha TpaH3HCTOp T'; MOCTyNaeT Hanps-
XKeHHe YETHbIX TapMOHHK, MPONOPIHOHATHHOE MarHHTHHIM
CBOMCTBaM 3TOr0 BellleCcTBa. -

Hanpsixkenue curnana ycuauBaercss U36HpAaTeNbHBIM yCH-
JIHTeNIeM, JAEeTeKTHPYeTcs CHHXPOHHLIM JETEeKTOPOM H IIOCTY-
naetr Ha MHKpoammnepMeTrp. Cxema H36HpaTENLHOTO YCHJIH-
TeJis TocTpoeHa Ha ueThlpex TpaHsucropax T;—T, Hyxkuas
H30HPATEIbHOCTh MO YETHBIM TapMOHHKaM OCYIIECTBJSETCS
PE30HAHCHBIMH KOHTYPaMH, BKJ/IOYEHHHIMH B KOJJIEKTOPHI
tpausucropoB T, Tg KoadhuuueHT ycHIeHHS yCHJIHTeNs
[0 HanpsixeHH — okojo 600.

TemnepaTypHyw CcTaGHAH3aLHI0 YCHIHTENS MOXKHO o0e-
CIIEUHTDH HE TOJBKO MECTHOH OTpHIaTeALHOR 06PaTHOH CBA3BIO,
HO M CONPOTHBJIEHHAMH Ryy, R, Ry5, Rys, BKIIOUEHHBIMH
Ha 6a3bl TPAaH3HCTOPOB. PerucTpHpyomHUM NPpHOOPOM CIyKHT
MHKpoaMnepMerp Ha 50 mka ¢ HysaeMm nocepenune. Conpor-
BJI€EHHEM R,, MOXHO 6aJlaHCHPOBaThb B HeGOJbIIHX Npenesaax
IIOKa3aHHa NpHOOpa HA HYJb, HO [OABepraeMoe H3MEePEeHHIO
BelleCTBO He JOJ/DKHO IPH 3TOM HaXOAHThcs B npHbope.

ViaMepsaTb HaMarHH4eHHOCTh M MAarHHTHYIO BOCIDHHMYH-
BOCTb MOXHO NPH BO3JEHCTBHH BHEUIHEro MarHHUTHOTO MOJA
3—5 a. -

Illxana perucrpupyouero npuéopa KosxkHa ObITb OTKAJH-
6poBaHa JJis psifia BELIECTB C H3BECTHHIMH MAarHUTHBIMH Xapak-
TepHCTHKaMH. PaciuupenHio Bo3MOXHOCTel mpuGopa cnocob-
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CIBYeT HaJH4YHe B HEM MepeKJiiouaress AuanasoHos /T, Ha [Ba
nojioxenusi. Hanpsixkenve nutanuss npubopa JOMKHO COCTa-
BIsiTh 4 6+5%. [loTpebnsieMblii MpHGOPOM TOK COCTaBJIsIET
30—40 ma.

Tak Kak co6CTBeHHBIX HAHMEHOBAHWH €IHHHILI HaMarHH-
UEHHOCTH H MAarHHTHOH BOCIPHHMYHMBOCTH HE HMEIOT, TO IIpH
H3MepeHHSIX HCHOoJb3YIOT TabJHYHbe JaHHBIE H3 KaKOTro-a460
CIpaBOYHHMKA, HanpuMep Ino ¢HusuKe.

Marnutomerpsl Ha aatunmkax XoJJa

AddextoM Xo/1a HA3HIBAIOT BOHHKHOBEHHE MONEPeYHONR
3. A. C. BO BCSIKOH IJIaCTHHE, 110 KOTOPOH B HPOXOJNBHOM Ha-
NpaBJeHUH TNPOTEKaeT 3JEeKTPUYECKUH TOK, HCMBITHIBAOIHUHA
BO3JleliCTBHE MAarHHTHOTO T1I0Jsl, NEPHEeHAHKYJSPHOrO mJa-
CTHHE.

Jatuuk XoaJaa AJas H3Me-
PeHHs] MarHUTHBIX MoJiedl npex-
cTaBJsieT co0OH NJIaCTHHY H3
MOJIYIPOBOJHHKOBBEIX MaTepHa-
JIOB, K TOpIlaM KOTOpOH mofA-
KJIOYeHBl 4YeThlpe 3JEeKTpoja:
IBa TOYEUHEIX M JBa MJIOCKHUX,
C KOHTaKTaMH 10 AJHHE TOpLa.

[liockue anekTpoawsl cay-
XKar AJs NOABOAA K JATYUKY
HalpsKeHHsT OT HCTOYHHKa

i Bx toka. [lom peiictBHEM 3TOroO
HanpsixKeHHUs 10 MJIaCTHHE JaT-

Puc. 14. Tlpocroii wmaruuToMeTp yHKa mpoTtekaer ToK. I1pH Bos-
Ha parunke Xonna. JeHCTBHH Ha NJaCTHHY jaT-
4YMKa BHEUIHEr0 MAarHHUTHOTO

[0/11 HA TOYEYHHIX 3JIEKTPOJaX BO3HHKaeT 3. A. ¢. XoJjJa,
3aBUCHILAsl OT BeJHYHMHBI IPHJIOKEHHOI'O MATHHTHOrO MOJS
H cJy»Xalllasg Mepoil ero BLHIpaXKeHHs. \

[IpsiMoyronpHasi miacTMHa Jatydka Xo/da pasMepoM
6 X 5 X 0,4 mm MOXKeT pa3BuTb, HaTmpuMep, 3. A. c. 10 | 8
npu MouHoctd o 0,2 em.

OJieKTpHUECKas cXeMa BKJIOYEHH s JaT4HKa X0J1/1a B CXeMy
NPOCTOr0 MarHHTOMEeTpa, NpejHa3HaYeHHOTO NJIsi H3MepeHHs
MarHUTHBIX MOJed OOOHX 3HAKOB C BEPXHHM IIPENEJOM [0
15000 5, npuBesena Ha puc. 14.

B cxeme [JI. 8] ucrionibzoan natuuk XoJuaa H3 repMaHus
pasmepoM 2 X 2 X'0,5 mm. PaGouuit TOK HAaTuHKa, cocTa-
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Basomui okojo 10—15 ma, ycTaHaB/aHBalOT NPH IIOMOLLU
nepeMeHHbIX compoTHBieHHH R; u R,. IloreHuHoMerp R,
CAYKHT A/ M3MEHeHHMs] AHaNa3oHa H3MepeHHH M UyBCTBH-
tenpHocTH. ComporHuBieHHe R, siBjsieTcss OrpaHHYHBAIOLLHM.

B kauecTBe perucTpHpyIOILEro MH/JHBOJBTMETPA NPHMe-
HeH caMonuuyuuii noredunoMerp II1-09 ¢ BXogHbIM comnpo-
tupjenueM B 100 ou U uyBCTBHTEJNbHOCThIO 46 M8 Ha BCIO
mkany. KOHTakTel JaTuMKa, ¢ KOTOPHIX CHHMaeTcs 3. A. C.
Xoaia, He TOMKHBE GHITb aCHMMETPHYHBIMH, T. €. NPH OTCYT-

Rﬁ ,,5/( R7200 Ra Ix

Xonga

Ldamyuk

!
t
{

1y

Puc. 15. BricokouacTOTHBIi MarHHTOMETP Ha JaTyHKe
Xoana.

CTBHM BHEIIHErO MAarHUTHOrO NOJS 3. 1. C. HA HHX HOJNKHa
OTCyTCTBOBaTb. /151 KOMIEHCAUMH 3. JA. C. aCHMMETPHH Ipo-
H3BOAUTCS yCTAHOBKA HYJsl IPH MOMOIIH CONPOTHBJIEHHH R,
U R,. Iluranue maruutoMerpa Tpebyer 5—6 6. [lasi npeny-
NpexaeHHs MEXaHUYeCKHX NMOBpexJeHHH natyuk XoJsaa mo-
MeUlaT B QyTasp H3 MIacTMacchl.

BosbTaMnepHble XapaKTePUCTHKH AaTunKoB Xoajaa nps-
MOJIMHEHHBI, YTO 3HAYHTENbHO OOJerdyaeT rpagyUdpoOBKY MNpH-
6opa.

HenocraTok onuchbiBaeMOro MarHMTOMETpPa 3aKJIouYaercs
B TOM, 4YTO TeMIepaTypPHbIH AHANa30H, NMPH KOTOPOM MOrpeLl-
HOCTh H3MepeHHsi He npeBbiliaeT 3—5%, BecbMa OrpaHHYeH
¥ de Bbixomur 3a mpegmenas 10—30° C.

Ha puc. 15 npusenena cxema maruutomerpa [J1. 9] ¢ mpe-
JIeJIOM H3MepeHHH HanpsiKeHHOCTH MarHutHoro noss ot 0,5
10 17500 5 u TouHocThio U3Mepenuit 1o 1 % . B cxeme ucmonsso-
BaH JaT4uK XoJJa H3 repManus pasmepom 2 X 1,5 X 0,7 mu.
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IIpu6Gop HUMeer mATH NpeNesOB H3MepeHHs, NepeKaodaeMblX
nepekouateneM [1;; 0—3000; 0—7500; 0—12000; 00—
15000; 0—17500 5. ITpuGop nurtaercsi or Garapen Hampsixke-
nueM 15 6. Pabounii Tok jaTuuka | ma ycTaHaBJHBAalOT CO-
NpOTUBJIEHHEM Rj.

Komnencauun acHMMETpHH XOJIOCTOrO XOAa cn0co6C'rByeT
TO, UTO B BepXHeH YacTH JaTYHKa HMeIOTcS ABAa KOHTAKTa
BMeCTO OHOTr0. KOHTaKTHI NOIKJIOUEHB K NOTEHIHOMETPY K,
peryJHupoBKa KOTOPOrO NO3BOJSeT YCTaHABJAHBATb HYJb Ha
MHKpOaMIepMeTpe NpH OTCYTCTBHH H3MepsieMoro mous. Ha-
OpsiKeHHe CHTHajla CHHMaeTcss C KOHTaKTOB JaTtuHka J—/.

JIOCTOMHCTBO MarHHTOMETPOB Ha AaTYHKax XoJJa 3aK/o-
yaercs B IPOCTOTE CXeM H KOHCTPYKIIHH, BHICOKOH 3KOHOMHUY-
HOCTH 10 NUTAHUIO, HCKJIOYHTENBHO MaJbiXx rabapHTax JaTyH-
KOoB M mpubopoB B mesjoM. K HejpoctaTkaM clefyeT OTHECTH
6osbIIYyI0 TEMNEPATYPHYI0 3aBHCHMOCTb H BO3MOXHOCTH
H3MepSITh TOJbKO CPABHUTENBHO CHJbHHIE MarHHTHBHE NOJIS.

I'JIABA TPETbhbA

YCHJIUTEJH NOCTOSIHHOI'0 TOKA
HA TPAH3HUCTOPAX

YcHIHTeNH MOCTOSTHHOrO TOKa Ha TPaH3HCTOpax ObIBaloT:
a) C HENOCPeACTBEHHOH CBfA3bI0 MeXKAY KacKalaMu H 0) ¢ npe-
o6pasoBaHHeM IMOCTOSIHHOTO TOKa B IepeMeHHbIH, OcyllecT-
BJSIEMbIM C MOMOINBIO NpeoOpas3oBaTesiedl pasMYHOTO THNA.

[Ipumenenue ycuiureneii nocrosHHoro toka (YIIT) Ha
TPaH3UCTOPaX B H3MEPHTEJNbHBIX IE€JNsX OrPAHHYEHO 3aMerT-
HbIM fipefidhoM Toka Ha Bhixoge [JI. 10]. XapakrepHo, 4TO 3TOT
Apefid HaO/ofaeTCs Jaxe NPH OTCYTCTBHH BXOJHOrO CHTHAA.
Besnunna ppefiha obyc/ioB/eHA TemnepaTypHOH 3aBHCHMO-
CTBIO TPAaH3HCTOPOB H HX CTapeHHeM.

TpeGoBanus, npexbsiBasemele K YIIT Ha Tpansucropax,
BapbHPYIOTCS B 3aBHCHMOCTH OT 3aJlay, pelllaeMbIX 3THMH NpH-
G6opamu. Tak, o/g psja NMpHMeHeHHH BOBce He 00s3aTesbHbI
BBICOKOKauecTBeHHEle H BhicOKOcTabuibHbie YIIT Ha Tpas-
3HCTOpaX, YCJAOXKHSAIONHE KOHCTPYHPOBaHHE H HAJNalKy.
Jns mpocTHX H3MEpPHTeJbHBIX 3aJa4, HallpuMep IJisl YBeJ/H-
YeHHs YYBCTBHUTEJbHOCTH CTPEJIOYHOro mpHOOpa KpaTKOBpe-
MEHHOT'0 NOJIb30BaHHd, NpHrofHbl cxemul YIIT Ha #ByX-Tpex
tpaHaucropaX. CrefyeT OTMeTHTb, 4TO HO HACTOSILIEro Bpe-
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MeHH He nnoctpoenbl YIIT Ha TpaH3HCTOpax, KOTOpHIE 10 CBOMM
napaMetrpaM (3a HCKJIOYeHHEM SKOHOMHYHOCTH M KOMIIAKT-
HOCTH) ObLIM Obl CPaBHUMBEI ¢ JaMnoBeIMH. CylecTBeHHBIM
HepocrakoM ¥IIT Aa TpaHsucTOpax siBJisieTcsl M TO, YTO NpPH
CPaBHHTEJBHO NPOCTOH cXeMe He yJaercsl MOJYyYHTb HH BBICO-
KOTO BXOJHOTO CONpPOTHBJeHHs mnopsigka 10—20 Mom, HH
YyBCTBHTENBHOCTH MO TOKy 1-10712aq.

Mpocreiiine JBYXKACKagHBIE YCHAUTENH

IMpocrefimnit  nyxkackamueiit YTIT, nokasanaeit Ha
puc. 16 [JI. 11], MOXHO NpHMeHHTb B KauecTBe BOJbTMETPa
C HU3KHM BXOJAHBIM conpoTHBIeHHeM. CxeMa nmuTaercst ot Ga-
tapeli 5—8 ¢ u norpebisier Tok 5—6 ma. Korma Ha BeIXOfE
CcXeMbl BKJIOUeH MHKpoamnepMmerp Ha 100 mxa, To BXomHOMH

Puc. 16. [Ilpocreitmmit YIIT.

curian B 5—10 mg oTKIOHSET cTpesKy npubopa Ha BCIO
mKany. BXogHoe cOmpoOTHBJIEHHE MOXKHO 3HAYHTEJIbHO YBe-
JIMYUTDH, €CJH MOC/IEJOBATEbHO C CONPOTHBJIEHHEM CHTHaJja
BKJIIOUHTH GOJIbLIOE CONPOTHBJIEHHE, HampHMep MopsiaKa
100 xom; onHaKO UyBCTBUTEIbHOCTb MPHOOpPa B LEJIOM IpH
3TOM 3HAYHTEJbHO MOHH3HTCA. YCHJHTEb TEPMOCTAaOH/IH3H-
poBaH B auanasoHe =+ 10% mnpH momommH conpotHBieHHH R,
Rs, R,, R,. Insi ycranoBKH Hy.s npHGopa mepej H3Mepe-
HHEM CJTYKHT NOTeHUHOMeTP R,, a JJIsi KaJHOPOBKH — COMpO-
THBJeHHe R,. ITorpemnocts npHOopa npH H3MepeHHH Hampsi-
XeHHs He mpeBwimaer +3%. [IpH ykasaHHBIX mapamerpax
12xa c(;game IManasoH H3MepsieMblX HanpsiKeHHH COCTaBJjsieT
—100 ms.
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Ha puc. 17 npusenena cxema YIIT, B KoTopoii Haua/bHbIE
TOKH KOJIJIEKTOPOB KOMIIEHCHPOBaHbI 6J1aroJapst NPUMEHEeHHIO
TPaH3HCTOPOB pas3nnyHOi mnposogumoctd [JI. 11].

Cxema nuTaercsi ot 6aTaped HampsixkeHdeM 1,5 ¢ npH TOKe
5—8 ma. Ycunenue cocrtapissier npH stoM 200—250. Bxoaxo#
ToK 0,4—0,5 MKa OTKJIOHSIET Ha BCIO ILKaJdy CTPeJKY MHK-
poamnepMerpa Ha 100 mxa. Bkiiouenne tpaHsaucTopoB obec-
NeuHBaeT TeMNepaTypHYl0 CTaOH/IH3alHi0, HO B HeOOJ/bIIOM
uHTepBaje. HepoctaTkoM cXeMbl siBjsiercs HeoOXOZHMOCTDb
TIIaTeJbHOrO nmox0opa TPaH3HUCTOPOB MO HayaJbHOMY TOKY

Puc. 17. Tlpocroit ¥IIT ¢ kommnencanmeil.

KoJslekTopa. /s yCTaHOBKH HYyJsl Mepel HU3MepeHHeM CJy-
XKHUT CONpPOTHBJEHHE Rj.

BxioueHHe Ha BbIXOAE YCHJIHTENsT MHKpoOaMmepMeTpa
na 10—50 mka noBbIlIaeT YYBCTBUTELHOCTb MPHGOPaA, HO yCH-
JMBaeT (GIYKTyauHuio, YTO B CBOIO OYepelb YBEJHUHUBAET I10-
TPEIHOCTh U 3aTpyAHsAeT oTcueThl. CXeMy MOMKHO HCIIOJb30-
BaTb COBMECTHO C (POTO3/IEMEHTAMH, a TaKkKe B CXeMe BOJIbT-
METpa Ha TPaH3HMCTOpaX (I/s yBeJIMYEHHsS] UYBCTBHTENbHOCTH
MHJJIHaMIepMeTpa).

MpocToie H3MepHTENbHbIE YCHIHTENN

Ha puc. 18 usobpaxen YIIT Ha TpaH3HCTOpaX OT yHHBEp-
canpHOro BosbT™Merpa BK7-6 [J1. 12] ¢ uaMeHeHHBIMH HOMH-
HasaMH. YIIT BeImOJHEH MO HeCHMMeTpHUHOH GasaHCHOH
cXeMe, moJsiy4yaer mMTtaHHe ot Oatapeil 1,5 ¢ u norpebaser
ToK 1—2 ma. Ycuaurenb o6JafiaeT MOBHIIIEHHBIM BXOXHBIM
conpotuBieHHeM. KoadpHUHEHT YyCHJIEHHST B 3aBHCHMOCTH
OT THNa TpaH3ucTOpoB cocraBJiserT oT 80 po 150. Perucrpu-
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pyromM npubopoM cayKHT MHKpoamnepmerp. Ilpu nopaue
Ha BXOJ YCHJIMTe/NsI TOKa BeJUYHHOH | MKa cTpesKa MHKpO-
aMmnepMeTpa OTKJ/OHSIeTCSl Ha BCIO lIKaJay. TeMmepaTypHas
MOTPEIHOCT YCHJIMTE/sI He mpeBbillaeT +3% npH H3MeHe-
HHH TeMnepatypel or 15 mo +435°C.

Tpausuctop T, sBAsiercs ycuJauTenbHbIM. Jas Temmepa-
TypHOH KOMIIEHCAlMH B KOJIJEKTOp TpaH3HcTopa T, BKJ/IOUEH
tpansucrop T,. [Tapamerprl 060MX TPaH3UCTOPOB He NOJIKHBI
OT/IMYaTthcs APYT ot Apyra. Tpansucrop T'; BK/IIOYEH 1O cXeMe

Puc. 18. YIIT or BosabTMeTpa.

SMHUTTEPHOTO NOBTOPHTENsI. YCTaHOBKA HYJS NPOU3BOAHTCS
noteHuxoMeTpoM R,;. Ilpu kanuGpoBKe YCHJHTENS] HCHOJb-
3yercsl conpoTuB/ieHne R,. Hasaxka m npaBuibHasi pabora
YCHJIHTENSl JOCTHraloTcsi moabopoM compoTuBJeHHH R, R,
H R;.

Ha puc. 19 nmokasana cxema Oosiee CJIOKHOTO YCHJIH-
teast [JI. 13], obaaparomero moBbIIIEHHOH CTaGHJIbHOCTbIO.
[Ipu usmeHenuu temmepartypsl Ha -+20° C KoabdHIHEHT yCH-
JIEHUsI M3MeHsieTcs He GoJiee yeM Ha +5%. YcHJaHTeb IH-
TaeTcss OT He3aseMJieHHbIX Oarapeii Ha 12 6, HanpsikeHHe
KOTOPHIX MOXHO CTaGHJIH3HPOBATb KPEMHHEBHIM CTaOHJIH-
TpoHOM. [ToTpebiisieMblii yCHIIMTEEM TOK ONpefessieTcsl B Oc-
HOBHOM CONPOTHBJEHHUsIMH HejHTesned Ry,—Ry, U Ryz;—Ry.
HsMepurenbHBIH ~ yCHJIMTEIb COCTOHT M3 TpeX TpaH3H-
cropoB Ty, T3 u T,, coenMHEHHBIX Mexay cobofl Henocpel-
CTBEHHO.

Koadduumenr ycunenuss ycuaurtens paseH 500—600.
Inst TeMnepaTypHOH cTabHIH3alMH B CXeMY YCHJIHTENs BKJIIO-
YeH KOMIEHCHPYIOMMI reHepaTop TOKa Ha TpaHsucrope T,.
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Ilpn u3MeHeHHHM OKpY:KalolleH TeMmepaTyphl TFeHeparTop
TOKa BblpabaThlBaeT KOMIEHCHPYIOIIUH CHIHAJ, 4acTb KOTO-
poro nojaercss Ha BXOX NEPBOro, a YacTb — Ha BXOJA BTOPOTO
KacKajga. KoadpuuueHT meseHHs] TOKa KOMIEHCALHH MeXIy
BXOJIlaMH IEPBOrO H BTOPOrO KackKaJOB ONpejessieTcsi NoJoxKe-
HHEM JIBHXKKa NOTeHUHOMeTpa R ,. CXeMy MOXHO OTperyJupo-
BaTb TakK, YTO TeMIepaTypHas NOIpelIHOCTh OyJeT MeHblle
1%. YysctBurenbHocts ycuautens 0,01 mxa. Ilpu mogaue
Ha Bxnj 0,1 mxa cTpenka periCTpUpYIOLIEro MHKpoammep-

R, 20k

Puc. 19. Crabuapumit YTIT.

MeTpa Ha 50 mka OTKJIOHsieTcs Ha Bcio WKaay. Jlpeiid Hynas
NpH 3aMKHYTOM BXOJie cocTaBJisieT 2—3 JesieHHs 3a 4 4 Hempe-
PHIBHOH paboThHI.

Ha puc. 20 npuBegeHa cxema puddepenunanbuoro YIIT
Ha TpaH3HUCTOpaX C TepMoKomneHcauued [JI. 14].

BxoxHoe conpoTHB/eHHe YCHIHTeNss — HH3Koe. Koadu-
IHeHT ycHJeHHs cocraBisieT 200—500 — B 3aBHCHMOCTH OT
TPaH3HCTOPOB M HACTPOHKH. UyBCTBHTENBHOCTb YCHIHTENS
100 mxe. CxeMa COCTOUT M3 ABYX Au(pepeHIHATbHbIX YCHJIH-
TeJefi mapasyesbHoro THna. IlepBeIi M3 HMX BBIMOJIHEH Ha
tpansucropax T; ¥ T3 ¢ Harpy3kaMu B KOJIJIEKTOpaX, a BTO-
poit — Ha Tpansucropax T, u T,. Koanekropsl mnepBoro
YCHJIHTE/sl COeAMHEHB! Ha NMpsAMYio ¢ 6a3aMH BTOPOTO YCHJIH-
teas. Ha Tpansucrope T, cobpaH renepaTop ToKa, BeIpabarhl-
BAIOLIMA KOMIEHCHDPYIOMHUHA curHaa Apedda. Jlas TepMOKOM-
NeHCaUUH BKJIOYeHa JOMOJIHHTeJbHas Illenodyka M3 gxola [,
H CONMpOTHBJEHHS R, HejpocTaTkaMH JaHHOTO YCHJIHTENs
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SIBJIAIOTCS CJIOXKHAsi HaCTPofika H HeoOXOAUMOCTb TIATeNbHO
noa6upaTh mapHele TpaH3HCTOpHL. ITuTaThess mpuOOP HOMKEH
oT Garapefl HanpsxkeHHeM 50 ¢ ¢ 3a3eM/IeHHOH cpejHel TOU-
KOff, YTO Takxke HeyJo0HO.

-0
-8
1248

Boixod

-0

Puc. 20. JTuddepenunanvueit YIIT ¢ TepMoKoMneHcauued.

Ycuautean MOCTOSSTHHOTO TOKa ¢ npeoﬁpasonarennun

YCHIHTEH MOCTOSTHHOTO TOKAa Ha TPaH3MCTOpax C Hemo-
CPEACTBEHHEIM YCHJIEHHEM CHrHaJla OTVIMYaloTCsl GOJbLION Be-
JUYHHON ppefida Hyns. Jpyrum. HegpoctatkoM 3THX YIIT
siBAisieTcs  Gosiblnoe BJIHSIHHE, OKa3blBaeMoOe HHM3KOYacToT-
HBIMH LIlyMaMH TpaH3HCcTOpoB. IIlyM mepBoro BXOAHOTO TpaH-
3HCTOpa OGeCrpensiTCTBEHHO YCHJIHBaeTCsl YCHJHTENIEM Ha-
pPaBHe C CUTHAJIOM H NOCTyNaeT Ha BHIXOJ, 3aTPYAHSSI OTCUET.
ITOT HEJXOCTAaTOK OCOGEHHO CYIUECTBEHEH BBHAY TOTO, YTO Be-
JMYHHA IIyMa MEHsieTCsl OT CaMblX Pas/JHYHBIX NPHYUH U He
MOANAETCS] YMEHbIUEHHIO HJIH CTaGUIH3alHH C MOMOIIbIO H3-
BecTHBIX cpeacts [JI. 15].

O6si3aTeIbHBIMH  YCJIOBHSIMH TIOCTPOEHHSI BBICOKOKauyecT-
BerHoro YIIT na TpaHsHcTOpax ¢ TeMmepaTypHOAl H BpeMeH-
HOH crabunu3anueit apefidha ABJAAIOTCA MOITOMY npeobpa3oBa-
HHe CHT'HaJIa MOCTOSIHHOTO TOKa B CHTHAJ MEPEMEHHOTO TOKa,
yCH/IeHHe NepeMeHHOr0 TOKa 10 HeoOXOAHMMOR BeJHYHHbI
M JajbHefillee JeTEKTHPOBaHHE.

T'naBubiM TpeGoBaHnHeM, npexbsBiaseMbim K YIIT ¢ npe06-
pasoBaHHeM, ABJAETCS CTaOHJBHOCTH CaMoro npeobpasoBa-
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Tessi (MOLYJSITOPa), TAK KaK YCHJIHTENH BHIIOJHSIOTCS C €M-
KOCTHBIMH HJIH TpaHChOPMAaTOPHLIMHU CBs3sIMH H apefid pabo-
uefl TOUKH He NepejaeTcs OT KacKaja K Kackany. Kosuuectso
COOCTBEHHBIX HIYMOB TAK}Ke PE3KO CHHXKAeTcsl, TaK KaK CIeKTp
HH3KOUYaCTOTHbIX LIYMOB OI'PAaHHYEH IIHPHHOH MOJIOCHI MPO-
NYCKaHHA YCHJHUTENS.

Ha puc. 21 npeacraBnena cxema YIIT nHa tpaHsucropax
C MeXaHHYeCKHM mnpeoOpa3oBaTe/ieM HampsXKEHHS MOCTOSH-
HOTO TOKa B HamnpsixeHHe nepeMenHoro toka [JI. 16]. [Tpeo6-
pasoBaTesib — IOJIIPH30BAHHOE peJie C JABYMSI OOMOTKaMH,
ynpasJ/isieMoe ABYXTAaKTHbIM reHepaTopoM. CHrHaJ MOCTOSIH-
HOr'o TOKa mnocrynaet Ha BXoA YIIT uepe3 conporusJiende R;.
BXox ycunuTesns MIYHTHPOBAH CONPOTHBJIEHHeM R, H KOHJIEH-
catopoM C;. Kongencarop o6si3atesbHO H0MKeH ObITh 6yMax-
HBIM M MMeTb HEGOJIbLION TOK YTEUKH NPH BHICOKOM CONPOTH-
BJIeHHWH H3oasinuu. Yepes comporuBieHHe Rg CUTHAJ MOCTY-
maer B TOYKY COelHHeHHs KoHJeHcatopa C,, CONpPOTHBJE-
HHsg R, M JeBoro (mo cxeMe) KOHTaKTa npeoOpasoBaress.
KonTakT npeobpasoBate/sst MOAKJIOUEH MapaJjieIbHO COMNPO-
THBJICHHIO R, B MOMEHT 3aMblKaHHMsl H NPOU3BOJHT pPa3MhIKa-
HHe LenH ¢ yactotod renepatopa 120—130 ey.

Takum o6pasoM, -NOTEHLHA/ HAanpsKeHHs, Najalolluil Ha
COMpPOTHBJEHHH R,, MOAyJHpyeTcs C 4acTOTOH reHepaTopa.
ITpoMoay1HpoBaHHBIH CHTHAJ MOCTOSTHHOTO TOKa 4epe3 KOH-
aeHcarop C, nmoctynaer Ha 6a3y TpaH3ucTopa T, Ha KOTOPOM
coOpaH BXOQHOH KacKaj YCHJHTENs [epPEeMEHHOro TOKa. YCH-
JIUTENIb TIepEeMEHHOro TOKa coOpaH Ha NSATH TpPaH3HCTOPax
T,—T;. IlepBble TPH KacKaja BKJIOYEHHl 10 cXeMme C OOIHUM
SMHTTEPOM C HEMOCPeACTBEHHOH CBSI3bI0 MeKAy COOOi H pas-
JIHYAIOTCS TOJIbKO HOMHHaJaMH H pexuMaMmH. [lnsi Temmepa-
TYPHOH CTaOH/IM3alMH Bce TPH KacKaja OXBayeHbl MECTHOH
OTpHULATeJbHOH 00paTHOH CBSI3bIO 10 MOCTOSIHHOH M NepeMeH-
HOH COCTaBJSIIOIUMM CHTHAJa.

SluefikH oTpHLIaTEbHON OOGpPaTHOM CBSI3HU B LeNH IMHTTEPOB
COCTOSIT U3 COMpOTHBJeHHH R, Ry, Ry, Ris U Ry Rig
1 koxpeHcaropoB C,, C,, C,. UtoObl yBeIHYHUTb BXOZHOE CO-
[NPOTHBJIEHHE KaCKaJOB, ITHMH KOHAEHCATOPAMH MIYHTHPO-
BaHbl HE BCE SMHUTTEpPHBIE CONPOTHBJIEHHS, a TOJIbKO HHIKHHE
(mo cxeme), T. e. Ry, Ry3 ¥ R,,. TeMnepaTrypHasi cTabH/IH3a-
uHsi obecreyeHa TeM, 41O B lenb Gasbl TpaH3ucTopa 7T BKJIO-
YeH JeNHTE]b, COCTOSIMA H3 COMPOTHBNEHHH Ry ¥ Rs.

[lepBblfi M BTOpOH KacKaipl yCHAHTENs IMHUTAIOTCS IOHH-
’KEHHBIM HanpsKeHHeM C MHHHMaJbHBIMH (JIyKTyalHsIMH.
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Ponb pasBsisbiBaoliero (pJAbTpa MO MHTAHHIO NEPBHIX ABYX
KaCKaJIoB BHINOJHSIOT CONPOTHBJEHHS Ry, R;, H KOHJEHca-
topel C,, Cy Tuma IOI'Ll. Urto6bl mpenoTBpaTHTb BO30YKAe-
HHE YCHJIUTeNISI H MOJaBHTb BBICOKOYACTOTHYIO COCTaBJIsl-
I0IYI0, Mexay 6asoil Tpansucropa 7', H KOJIJIEKTOPOM TpaH-
sucropa T3 BkJioueH KoHaeHcatop (g, YerBepThlH KacKan
YCHJIHTENS1 TaKiKe BBHIIOJHEH MO cXeMe C OOLIHM 3MHTTEPOM.
CBsi3p MeXJIy TPEeTbHM H YeTBEPTHIM KaCKajaMH OCYIIecT-
BJeHa uyepe3 KOHAeHCaTOp C;. BBIXOAHBIM KacKajoM CJYXKHT
SMHTTEPHBIH MOBTOpPHTeJb, paboraimuil Ha TpaHCcopMa-
Top Tp;; MOCHENHHH CIYKHT AJsl COTJIACOBAHHS BBIXOJHOTO
CONPOTHBJIEHHS SMHTTEDHOTO MOBTOPHTENSI CO CTPEJOYHBIM
npHOOPOM, a TaKKe 1JIsl YCTPAHeHHs] BJHSHHS LenH oOpaTHOH
CBSI3H Ha BBIXOZHOH Kackafg.

Perucrpupyomui npHOOp — MHUKpoOaMIiepMeTp Ha
100 mka — BKJIOYEH IOCJeNOBaTeJbHO C OXHHM H3 CONpO-
THBJIEHHH 0OpaTHOH CBs3H Rg—Rg,. Ilepekmouarens [1,
CJYXKHT JJIs1 IePEKJIOUeHHs! CONPOTHBJIEHU! oOpaTHOi CBsi3H,
a TeM CaMbIM H JJIsl YCTAHOBKH HYKHOTO Mpejesia H3MepeHHUs.

CHrHa/ nepeMeHHOTO TOKa Ha BTOPHYHOH OOMOTKe BBIXOJ-
HOro TpaHchopMaTopa mnpeo6pasyercs B MOCTOSIHHBIH MpH
NOMOIIH MeXaHHYEeCKOro BHINpPSMHTE/Nss. Ero poJb BHINOJHSET
BTOPOH KOHTaKT (npaBbi Mo cXeMe) nmpeobpasoBatesisi, KOTO-
pbll CHHXPOHHO IepeKJIoYaeTcsi Ha 3eMJI0 C YacToToH re-
HepaTopa. -

Hanpsi:xkenne mnapanjenbHOH OTpHUIATENbHOH 0OpaTHOH
CBSI3H C ONHOTO M3 CONPOTHBJEHHH R;,— Ry, mocrymaer Ha
BXOJ] YCHJIHTeNs. TaK Kak BeJIMYHHA OTpHLATebHOH 00paTHO!H
cBsisH 6sH3ka K 100%, TO yCH/IHTE/b B 1€JIOM MOXKHO Ha3BaThb
aBTOKOMIICHCAILlHOHHBIM. TaKHM 00pa3oM, Ha BXOJX yCHJIHTEJS
NoCTynaeT HanpsixKeHHe, PaBHOE PA3HOCTH MeXJAy Hampsixke-
HHeM CHTHaJsla M HanpsixeHHeM BbiXxoza. ['enepatop mpeoGpa-
30BaTeJisl BHINOJNHEH Ha TpaH3Hcropax T H T,. Yacrora rene-
paTopa onpelessieTcsi HHIYKTHBHBEIM CONPOTHBJIEHHEM 0OGMO-
ToK L; H L, pene PII-4, KoTopoe H CIyXHT MeXaHHHMECKHM
npeoGpasosareneM. JI/1s TeMoepaTypHO# cTabGHIH3ALHH H YC-
TOHUHBOH PabOTH TeHepaToOpa HCIOMB3YIOTCS JEJHTE/H B LIeMH
6a3 M SMHTTEDHBIE CONPOTUBJIEHHS, LIYHTHPOBAHHBIE KOH-
neHcaTopaMH. Ha3sHaueHHe 3THX 3JIEMEHTOB — TO 3Ke, YTO
H B YCHJHTeE.

[TpH H3roTOBJIEHHH YCHJIHTENS CJelyeT TLIATEJbHO 3Kpa-
HHPOBaTh FeHepaTop, a SIKOphb npeobpasoBatenss 5 3a3eMJasATb
B TOH TOUKE CXeMbl, IPH 3a3eMJIEHHH Ha KOTOPYIO UIyMbl yCH-
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JHTeNs] MHHHMaabHbl (nopsiaka 30—50 mxe nmpu 3akopouyeH-
HOM BXOje).

[NepBrift TpaH3HCTOP B yCHIUTE/E AOJXKEH GBITH C MaJbIM
3HaueHHeM 0OpaTHOTO TOKa KoJiiekTopa (MeHee 1 mka nipH 5 6)
H HH3KHM YpOBHeM LIyMOB (HHxke 8 06 Ha uactore 1000 ey).

Hcnosp3oBaB B KaueCcTBe MNeEpPBBIX TpPeX TPaH3UCTOPOB
MaJIOIIyMslliHe TpaH3HCTOPH! THHA [127A, MOXHO 3HAYUTEIBHO
CHH3HTb LIYMbl H MOHH3HTb NMOPOT YYBCTBHTEJBHOCTH YCH-
JIHTEJIS.

[lpu HOMHHa/NaX, YKa3aHHHIX Ha CXeMe, YCHJIHTENb HMEeT
BXOJHOe conpoTHBreHHe nopsinka 1,0 Mox Ha Bcex mpenenax
H caMblif YyBCTBHTENbHEIH npenes B 1 m8. OcTajbHbIe 1peessl
KpPaTHB CONPOTHBJIEHHIO AEIHTENS] 00paTHOH CBA3H Ry—R,,.
YcHIHTeIb HMeeT OCHOBHYIO MOTpellHOCTh +3 % H HopMaJsbHO
paboTaeT npH U3MEHEHHH HanpsxKeHHs NHTaHHs oT 9,6 10 7 6.
[Tpu u3menenun remnepatypsl or —20° C no 4-50° C npu6op
JaeT JOMOJHHTEJNbHYIO MOrpelrHocTh B +2%.

Ha puc. 22 nokasana cxema YIIT Ha TpaH3HucTOpax C mpe-
o0pa3oBaHHEM BXOJHOTO CHTHaJIa MOCTOSIHHOTO TOKAa B CHI'HAJ
IepeMEHHOT0 TOKa C MOMOIIbIO npeoGpa3oBaTesisi Ha TPaH3H-
cropax [JI. 17]. ¥ aroro YIIT xapakTepuCTHKA B OTHOLIEHHH
BpeMeHHOro Jpefida Hyjsi Jyullle, Y4eM y pPacCMOTPEHHOTO
Bblllle. DT0 OOBSICHSIETCS] TEM, YTO MeXaHHYecKHH mpeobpa3so-
BaTe/b, BLIMOJIHEHHBIH Ha MOJISIpH30OBAaHHOM peJie, Tpebyer
B CJly4ae MpPOXOJIXKHTeJbHOH paboThl YacToH MOACTPOHKH, TakK
KaK YaCTH peJie nmojBepikeHsl JedopMauuH H ycrajgoctd. [Ipe-
o0pasoBaTe/ii e Ha TPAH3HCTOPAX, BHIMOJHSIOIIHE Ty XKe
posb, 6oslee ROJNTOBEYHB! H CTAGHJIBHEI BO BpeMeHH, HO H OHH
He JIMIIEeHbl HeJOCTaTKOB. 310 — OOsbliasi TeMmepaTypHasi
3aBHCHMOCTb, YCJIOXXHEHHe CXeMbl H 60JIbLIMH YpOBEHb MHHH-
MaJbHOTO CHTHaJa, KOTOPBIH MOXKHO YCHJHTb 0e3 BJIHSHHS
LIyMOB.

[Ipeo6pasoBaTens MOCTOSIHHOTO TOKA B NepeMeHHbIH BhI-
nosHeH Ha TpaHsucropax I; M T,. DTH TpaH3HcTOpH! pabo-
TalOT B KJIIOYEBOM pexHMe MOJA JeHCTBHEM YIpaBJISIIOIETO
NIepeMEeHHOI'0 HanpsikeHUs | 6, MOAaBaeMOro Ha KOJIJIEKTOPHI
u 6aspl. ['enepaTtop, BbIpabaTHIBAaIOIMH HamnpsiKeHHe Mepe-
KmoueHHs: ¢ yactorol 100—200 ey, Ha cXeMe He moOKasaH.

CHrHan mMOCTOSIHHOTO TOKa MOJABEpraercsi MOAYJSIHH OT
npeobpa3oBaresiss B TOUKEe COeNHHEHHs] CONpPOTHBJIEHHs R;,
KoHzeHcatopa C; H amutrepa T;.

ITocne npeoOpa3oBaHusi BXOAHOH CHI'HAJ MOCTYNMaeT Ha
YCHJIHTE/Ib NIEPEMEHHOTO TOKa, COOpaHHbIi Ha TpaH3HCTOpaX
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T3—Tg. Kackanpl yCHIUTeJIS BBHINOJNHEHB! 10 CXeMe C OOLHM
amuTTepoM. [as TeMnepaTypHOH crabuin3aunuu B Hensx 6a3
TPaH3HCTOPOB BKJIIOYEHbI JEJHTENH, COCTOSIIIHE H3 COMPOTHU-
BaeHui: Rj, Ry; R, Ry Ry Ry ¥ Ry, Ryy. Kaxkmwiit yeu-
JIMTeJIbHbIM KacKaf OXBaueH MeCTHOH OTpHlaTeJbHOH obpar-
HOH CBSI3bl0 NPH NOMOIIH CONPOTHBJIEHHS] B HENMH 3MHTTEpa,
HIYHTHPOBaHHOTO KoHAeHcaTopoM. [lo uenu nwuTanus Bce
yeThipe YCHUJIMTENbHBIX KacKaja HMEIOT pasje/ibHble pa3Bs3bl-
BaiolllMe siYeHKH, COCTOSIMe M3 CONPOTHBJIEHHS H KOHJEH-
catopa. IluTanMe BXOgHOrO Kackaja Ha TpaHaucTope Ty
CTaOM/IN3UPOBAHO MPH TMOMOIIM KpeMHHMeBOro cTabuJiH-
Tpora /1.

BeixopHolt Kackajn ycuiMTess Ha TpaH3uctope T Harpy-
KeH Ha TpaHcdopmarop 7 p,, nmepBHYHAas OOMOTKa KOTOpPOro
HAaCTpOEHa B pe30HaHC INpH nomomM KoujaeHcatopa Ci,.
Harpyska ycujHTesss BKJIOueHa MexkAy 3eMJieH M cpelHed
TOYKOH BTOPHUHOH OOMOTKH BBIXOZHOTO TpaHcdopMaTopa.

Insi nmpeo6pa3oBaHysi BLIXOJZHOT'O CHTHaja MepeMeHHOro
TOK& B MOCTOSIHHBIH CJIYKHT ABYXNOJyNepHOLHBIH npecOpaso-
BaTeJb Ha TpaHsucropax T,, Ty, u Tg Thy.

Mexny 6a3aMH H KOJIJIEKTOPaMH BEIXOJLHBIX npeobpa3oBa-
Tesell mojaeTcsl NepeMeHHOe MNepeKJoyalolllee HarpsKeHHe
TOH e 4acTOThl U aMIJIMTYABl, YTO U Ha BXOAHOH mpeobpaso-
Bateab. [IpuHnun paGoThl K/IOYEBOTO NEMOAYJSTOPa aHaJo-
rMY4eH NpPHHUMNY paGoThl BXOXHOrO mnpeoOpasoBaTelisi.

Hast yMeHblIeHHs] LIYMOB BXOJZHOTO mHpeoOpdsoBaTesisi H
HOBBILEHHS CTaOMJIBHOCTH BeCh YCHJIHTE/Ib OXBaueH OTpHUA-
TeJIbHOM 06paTHO#H CBSI3bIO 10 MOCTOSIHHOMY TOKY IIPH MOMOIIH
IEeNOYKH M3 compoTHBJeHHH R,,, R,; H KoujgeHcatopa C,.

MakcuMasibHOe BHIXOAHOE HampsiXKeHHe, pa3BUBaeMoe Ha
Harpyske, paBHO b 6. KoagbHuueHT ycuieHHs npH 3TOM
pased 5000.

B 3ak/oueHue ciefyer ckasaThb, YTO AJIsI IPOCTBIX H3MepH-
TeJbHBIX 3aja4, He TPeOGYIOUMX BBICOKOH TOUHOCTH, MOXKHO
HCI0JIb30BATh YCHJ/IUTEJH MOCTOSTHHOTO TOKa C IPSIMBIM YCH-
JIeHHeM CHTHaJa, KOTOpHle MO CBOeH SKOHOMMUHOCTH, HaleXK-
HOCTH Y MaJsbIM rabapurtaM Jydille YCHJHTeJeH Ha 3JeKTPOH-
HbIX samnax. Ho ans GoJiee cl0XKHBIX 3ajay, OPH pelleHHH
KOTOpbIX TaKHe CBOMCTBa, KaK 3KOHOMHUHOCTb, MaJbie Das-
Mepbl, CTaGHJbHOCTb TEMNJIOBBIX PEeKHMOB H HaJ€XKHOCTb, MPH-
oGperaioT ocofoe 3HaueHHe, CJelyeT NpPHMeHsAThb elle Gonee
COBepIIeHHble CXeMbl YCHJIHTeJeH MOCTOSIHHOTO ToKa — C Ipe-
o6pa3oBaHMeM CHrHaJja.
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I'/TIABA YETBEPTAA

U3BUPATEJIbHBIE YCHJIUTEJIH
HA TPAH3UCTOPAX

[IpH npoeKTHPOBAHHM H KOHCTPYHPOBAHHH pPasHYHBIX
3JIEKTPOHHBIX YCTPOHCTB TpeOyloTcsi H36HpaTe/bHbIE YCHJIH-
TeJH KaK HH3KOH, TaK H BBICOKOH YaCTOTHI.

B HacTosiie#t ryiaBe OnHCaHbI CXeMBl YCHJIHTesel, H30Hpa-
TEJbHOCTh KOTOPBEIX JOCTHraercsi OJarogapsi NpHMeHEHHIO
Pe30HAaHCHBIX KOHTYPOB, H30HpaTeJbHBHIX OGPAaTHBHIX CBs3ed
u usbuparenbHbiX T-06pasHbiX ¢HIbTpoB THma RC.

Ipocreiilive H30upaTeNbHbIe YCHIAHTENH

Ha puc. 23 nokasaHa cxeMa H3GHpaTe/IbHOrO YCHJHTENS
uuskoil uacrorsl [JI. 11]. Ycunurens cobpan Ha AByX TpaH-
sucropax T, H T,. Koaddpuunent ycunennss — nopsaaka 100.
BxogmHo#t cursan or 1 go 30 ms ycunuBaercs 6e3 HCKake-

Puc. 23. Ma6uparenchmit YHY.

Huft. M3bupatesbHOCTL YCHJIHTENS JOCTHraeTCst TEM, 4TO
B lenb o6paTHOH cBsi3H BKJoueH [1-06pasuuit LC-punbtp,
COCTOSIAH H3 KaTYIKH HHAYKTHBHOCTH L, H KOHJAeHca-
topa C; u C,.

BXonHO# cCArsan HH3KoR 4acTOTHl Yepe3 KoHAeHcarop C,
nocrynaer Ha 6a3y TpaHsucropa T,. B Hensax Makcumanib-
HOTo ycHJeHHs 06a KacKaja yCHJIHTENs BLINOJHEHH! 1O cXeMe
¢ o6mHM SMHTTEpOM. TepMocrabuamsauus obecrneueHa TeM,
uTo B IenH 6a3 BKJIIOUEHR! JE/HTEH, COCTOSINIHE H3 CONPOTHB-
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nesui R, R, u R, R;, a B menu 5MHTTEPOB — siUeiiKH
oTpHUaTeNbHOH obpaTHoll cBsizH R,, C, U Ry, Ci.

Uepes TI1-o6pasueifi ¢uABTp oOTpHUAaTeNbHass oOpaTHas
CBSI3b IMOCTYNaeT C KOJJeKTopa TpaHsHcropa T, Ha ero
smaTTep. Tak Kak (PHIBTP OTHOCHUTCS K PE30HAHCHOMY THMY,
TO YCHJIHBAeTCs TOJIbKO Pe30HaHCHas YyacToTa, BCe XKe OCTa/lb-
Hble YaCTOTH OcJiabasiores. [iis pPeryJHpOBKH MOJOCH NpO-
NyCKaHHs HCNOJNb3YIOT COmpoTHBJeHHe R,. Karymko#t HH-
JYKTHBHOCTH L, MOI'YT C/NYKHTb TOPOHJa/bHbEE (eppPUTOBLIE

Prc. 24. YIIU Ge3s wmefirpanusauuu.

ceplledHHKH. JIns1 yacToThl | K2y HHIYKTHBHOCTb JNOJIKHA
ObiTh HOpsAKa 5 en.

HabuparenpHocTh YCH/IHTENS HeBhicOKa. [IpH yKasaHHBIX
napaMeTpax Ha cxeMe H3MeHeHHe 4acTOThl Ha +5 % BhisbiBaeT
ocnabienHe cHrHajga B 5 pas. Hanmpsokenuwe nHTanus, co-
craBisomee 9 8, MOXHO M3MeHATb Ha +0,5 6 Ges 3aMeTHOro
BJNHSIHHAS Ha paboTy cXeMbl. [lorpeGisieMblli cXxeMoH TOK
He TipeBbilIaer 4 ma.

Ha puc. 24 usobpakeHa cXeMa YCHJIHTeNsi IPOMEXYTOY-
HOH uactotel Ge3 wmefitpamusanuu [JI. 18]. Koadduuuenr
ycHIeHHs cXeMbl — mopsika 400—500. BxogHolt curhan
Jo 10 me ycunuBaercsi Ge3 HcKaméeHHH. [IpoMexyrouHas
4acToTa 3aBHCHT OT MapaMeTpoB KOHTypoB L, — C, u L, —
C, u paBHa 450—470 xey mpH nojoce mponyckaHus 6 key.
Cxema ycroiiunBo paboraer go TeMnepatypsi +40° C. Tlo-
TpebAsieMbli TOK He mpeBbimaer 2,5 ma.

47



HsbupaTtenbHOCTD cXeMbl ofOecreueHa TeM, 4YTO B 3MHT-
TEpHbIE LIeNH TPAH3HCTOPOB BBeJieHbl NMOCAeJlOBaTe IbHbIE Pe30-
HAHCHBIE KOHTYphl. B KaXKIOM KacKale NOSIBJseTCS 4acToT-
HO-3aBHCHMasi OTpHIATeNbHast oOpaTHasi CBsi3b. B pesyib-
TaTe KacKajl YCHJIMBAeT TOJIbKO YacTOTy pe3OHaHCa KOHTYpa,
ocsnabisst Bce Apyrue yacrotel. Hacrpoifika KOHTYpoB Ha
pe30HaHCHYIO YacToTy, G6/H3KyI0 K 465 xey, ocyllecTsJ/sercs
C IOMOINLIO CEPIEYHHKOB KaTyIleK.

B KauecTBe cepJeUHHKOB HCIOJb30BaHE GPOHEBHIE TOP-
mKooOpasuble cepiedHHKH THna CB-® ¢ noAacTpOeuHHUKOM.
Karymku L, u L, HamoTaHel nposogoMm [I9B-2 auamerpom
0,2 Mm ¥ uMeloT 1o 60 BUTKOB Kaxaas. Jlis rpy6ol HacTpoil-
KH KOHTYpPOB B pe30HaHC cJyxkaT KoHueHcatopsl C, u C,.
[lpu yBeJHUeHHH 3HaUeHHS] KOHIEHCATOPOB KOIPHUIHEHT
YCHJIEHHUS] YCHJIUTeNsl YBeJHYMBAETCs, HO MOJOCAa MpomyckKa-
HHS CTaHOBUTCA wHpe. Pabouasi TOYKa TPAH3HCTOPOB ompe-
JlesisieTcsl COMPOTHBJIEHHSIMH R, M R,.

Yro6bl mpemoTBPaTHTb CaMOBO30YKJIEeHHe YCHJHUTeNs IO
Ile[¥ MMUTAHHS, B CXeMY BKJ/IOUEHbl Pa3Bsi3blBAIOLIHE IIENOUKH
R; — C,u Ry — C,. YMeHbIIEHHUIO BIUSHHS BTOPOTO KacKkaja
Ha mepBbIH CHOCOOCTBYeT CONPOTHBJIEHHE Rjg, BKJIOUeHHOe
nocJjefoBaTeNbHO ¢ KoHAeHcatopoM Cj.

[IpHHIUNIHAIBHO YCHJIHTE]b MOXKHO HACTPOHTb Ha JOOYIO
APYTYIO 4aCTOTYy OT JAeCSTKOB JI0 COTeH KHjorepiu. Jas atoro
Heo6XO0AUMO NOA0OpaTh COOTBETCTBYIOIEE PEaKTHBHOE CONpPO-
THBJeHHe KOHTypa. Hacrtpofika ycuaHutens He BcCTpedaer
3aTpyAHeHHH. Ero MOXHO HCIOJIb30BaTh KakK M36HpaTe/bHbIH
YCHJIUTEb IJIsI CaMbIX Pa3HOOODPA3HBIX MLeJsek.

Ha puc. 25 nmpHBefleHa nmpHHNUMHAJbHAs cXeMa YCHJH-
TeJsi NPOMEXYTOYHOH YaCTOTBl Ha KPEeMHHMeEBBIX TPAH3HCTO-
pax [JI. 11]. Xorst ycunurenb BbimojiHeH 6e3 HeHTpanaH3sa-
IIMH, HO MPH OTKJIOHEHHH TeMmepatypbl Ha #+20°C or Hop-
MaJIbHOH OH He MpOSIBJISIET CKJIOHHOCTH K BO30yKJIeHHIO.
[TpomexyToyHass u4actota cocraBJsieT 465 key, a mosoca
nponyckauusi paBHa 5—6 key. KoapdunuedT ycuieHHs —
nopska 600. MakcuMaspHOe HanpsKeHHe Ha BXOJe He J0JIXK-
HO mpeBbliath 15 m8. IlorpeGasiemblii TOK He GoJee 10 ma.
[IpH M3MeHeHHMH HampsKEeHHS MHUTAHHSA Ha +2 @ YCHJIHTENb
coxpaHsieT paboTOCHOCOGHOCTb.

B tpancdopmaropax Tp,, Tp, u Tp; npuMeHeHbl cepied-
Uk Cb-1a. Bce Tpu TpancdopmaTopa MOI'yT HMeTb OAHHAKO-
Bbleé HaMOTOYHbIE JaHHbIe: OOMOTKa C OTBOZOM 170 BHTKOB
BblMoJIHeHa mnpoBofoM [I9B-1 gmuamerpom 0,1 mm, orBOx
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or 70-ro BHTKa — CO CTOPOHBI 3a3eMJIEHHOTO KOHIIA; BTOpas
o6MoTKa (6e3 oTBOa) colep:KHT 20 BHTKOB TOTO Xe MpPOBOJa,
Ho auamerpoM 0,2 mm.

Ycuaurenb 06J1a11aeT TpaHcHOPMATOPHBEIMH CBS3SIMH Mex-
1y KacKajaMH, YTO MO3BOJISIeT COTJIacOBEIBATh BXOAHOE H BbI-
XOJIHOE CONpPOTHBJIEHHSI KacKajgoB. UTOOb MOBBICHTb CTaOH/Ib-
HOCTb PeXHMOB TPAH3HCTODOB, B IENH 6a3 BKJIIOUEHBl HesH-
TeJqd U3 conpotuBieHul Ry, R, H R;, Rg. B smuTTepH Tpan-
3UCTOPOB BKJIIOYEHbl CONpPOTHBJEHHSI R3; H R,, B pe3y/bTaTe
yero o06a Kackaja OXBaueHbl OTPHIATeNbHOH 0OpaTHOI

0
+4s
£
15x A

Beixod

Puc. 25. YIIY Ha KpeMHHeBBIX TPaH3HCTOpaXx.

CBfI3bI0 MO TMOCTOSIHHOMY TOKY. [lapassenbHo compoTuBie-
HUSAM BKJIwueHsl KoHpeHcatopsl C; M C,. Hacrpoiika Bcex
TpeX KOHTYPHBIX TPaHC(HOPMATOPOB B DPE30HAHC OCYIIECTB-
JsieTcsi ¢ moMmouibio KoHaeHcatopoB C,, C; B C,. Iast Gosee
TOUHOH NOJACTPOHKH MNOJIB3YIOTCS CepledYHHKaMH TpaHcdopMa-
TOPOB.

Uro6bl MONy4HTh KO3(DPHUIMEHT YCHJEHHUS, TPeBHILIAIO-
‘mui 1000, Hago BMecto cepreynukoB Cb-la npumenuTsb
cepieuHukd CB-®, 4TO 3Ha4YHTENILHO YMEHBIIUT €MKOCTb
noAcTpoeuHsx KoHjgeHcatopoB C,, Cy; u C,. B ciyuae Bo3-
OyXIeHHs YCHJHTeJsT MOXKHO BKJIOUHTb KOHJEHCATOp Ha
20—30 n¢p Mexny 6a3oif ¥ KOJJIEKTOPOM MepPBOro TpaH3u-
cropa; Ko3(puuHeHT ycHaeHHs ynajer Ha 10%, HO ycroiiuu-
BOCTb paboThl He CHH3UTCS. Uw0OBl MOBLICUTb €€, MOMXKHO
BKJIOYHTb KOHAeHcatop Ha 200 ngp Mexny Gasoii Tpausu-
cropa T, ¥ 3MHTTepoM TpaHaHcropa T,. DT0 YBeJIUUHUT
Ko3(hdHIHeHT ycHieHuss mnpumepHo Ha 20% u  yaydwdr
136UpaTebHOCTD.
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Jlns pasBsi3KH MO LENH NMHTAaHHA B KOJIIEKTOP KaxKJIOro
H3 TPaH3HCTOPOB BKJIo4YeHH suefikn RC-¢puapTpoB: R, — C,
B Ry — Cg. YMeHbllasi BeJTHUHHB 3THX CONPOTHBJCHHH H
VBEJHYHBAsl €MKOCTb K KOHIEHCAaTOPOB, MOMKHO TOBHICHTD
Ko3hHIHEHT YycHeHAs eme npuMmepHo Ha 10%. Ecam
yCHJIHTeb paboTaeT nmpH HOPMaJbLHOH TeMmepaType, TO C IO-
MOIILBIO TIepeYHCJeHHEX Mep MOXKHO, mpeHe6Gperas TpeGoBa-
HHSIMH CcTaOHJIbHOCTH PaboThl, JOBeCTH KOSGdHIHEHT ycHJe- -
Hust 10 3000—4000.

[ToHckH BEICOKOH H30HPaTeNIbHOCTH CXeM Ha TPaH3HCTOPax
B 3BYKOBOM JHana3oHe MOryT HPHBECTH K OMpeleseHHBIM
TPYAHOCTSIM B H3TOTOBJIEHHH. MeXJy TeM YC/IOXKHEHHE CXEMBI,
a cJiefjoBaTe/ibHO, H yBeJHUeHHe YHCJIA ee 3JIeMEHTOB, NpH-
BOJAHT K TNOHHKEHHI0O HaJleXKHOCTH H YXYIUIEHHIO CTaGHJIb-
HOCTH.

B xauectBe HanGoJjiee mpocToil cxeMbl C BEICOKOH H36Hpa-
TeJbHOCTbIO H CTaOHJIBLHOCTBIO Ha30BeM CXeMY YMHOMKEHHs
ZOGPOTHOCTH, TpeAcTaB/eHHylo Ha puc. 26 [JI. 19].

IIpy HoMHHa/NaX, yKa3aHHBIX Ha cXeMe, DPe30HAHCHas
yacrora Kourypa L,—C; paBHa 10 xey. B cayuae nomauu
Ha BXOX 1 ms ot renepatopa 3I-12 cHrHasn Ha BbIXOZe J0O-
cTHraer 1 6; conmpoTHBJIeHHe HAarpy3KH NpPH 3TOM JOJIKHO
6biTh He MeHee D KOM.

C u3ameHeHHeM uacTOTHl Ha 1% BBIXOJHOE HampsKeHHe
yMeHblaercss jgo 200 8, a ¢ H3MeHeHHeM Ha 2% — 1o
20—30 ms.

CxeMa npoBepeHa U Ha yactotax 15 u 20 xey. VisMeHenune
pe30HaHCHOH dYacToThl JOCTHraercsi H3MeHeHHeM eMKOCTH
KoHgeHcaropa Cj:

Ewmxocts Cy, YacroTa,
ng Key,
600 15
300 20

CxeMa ycrofiuuBOo pabGoTaeT NpH H3MeHEHHH IHTalOMEro
HanpsiKeHHs B npemetax =+1,5 a.

[Ipu Hacrpoiike cxeMbnl KoHaeHcaTop Cg 3aMeHSIOT Ma-
rasuHoM eMKocTeH, a CONpoTHBJeHHe R, — nepeMeHHLM
conpoTHBJeHHeM b xou. ConporuBieHHeM R, PeryJHpyioT
H36HpaTeJbHOCTb KacKaja.

BeqHuMHYy CONpOTHBJIEHHS BHIOHPAIOT NPaKTHUECKHM
NyTeM, PYKOBOJICTBYSICh CTpeMJIeHHEM oOecliedHTh MaKCHMa/Ib-
HO TpebyeMylo H36HpaTe/bHOCTb H BMECTE C TeM HCKJIOUHTh
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BO3MOXXHOCTb BO3HHKHOBEHHs reHepanHH. [IpH 3akopoueH-
HOM BXoJe H 6e3 KakHX-JH60 Mep MO 3KPAaHHPOBKE HIyMbHI
cxeMbl cocrapisitor 10—20 m«s.

Karymka L, Hamorana Ha koJbue 10,5 X 6 X 5 mm
H3 ¢eppura M-2000. O6MoTKH, coiepxamHe no 300 BUTKOB
nposoja I13B-1 auamerpom 0,1 mm, cOefHHEeHH NOCJIENOBa-
TeqpHO. TIpH H3MeHeHHH BXojHOro cHrHajia or 0,1 no 3 ms
BBIXOJIHOH CHrHaJl HMeeT YHCTO CHHYCOHAA/NbHyI0 (opMy.

TeMnepaTypHole BJHSHHA Ha CXeMy OBUIH IPOBEPEHHl
B auanasoHe ot 20 no 40° C; oTMeueHO H3MeHeHHEe BBIXOJ-

A
o—] o b
405 | 778 L A=RA
905
Brod p) P VAU

2 3 —
Sty UStn 1600

Puc. 26. YwmHOXHTEJNb HOGPOTHOCTH.

HOro HanpsixkeHHs Ha 4%, HO H30MpaTeNbHOCTb CXEMHI He
yxyAwHjack. CooTBeTCTBYyIollee H3MeHEHHe MapaMeTpoB
KoHTypa L;—Cj; He OoTpaxaercst Ha PaBHOMEPHOCTH 4acToT-
HOH XapaKTepHCTHKH cXeMHl B HHrepBaje oT 5 mo 100 xey.

YUrtoGEl cor/siacoBaTb BXOJHOE COMPOTHBJIEHHE CXEMHI
YCHJIHTENs] C BXOAHBIM COMpPOTHBJIEHHeM H30HpaTeJbHOrO
KacKafia Ha TpaH3ucrope T,, BKJIIOUEH SMHTTEPHHIH MOBTOPH-
TeJb Ha TpaHsucrope T,. TpeTHH Kackaj B BHIE YCHJHUTE/s
HanpsizKeHUsl Ha TpaH3HcTOpe T3 BBHIMOJHEH MO cXeMe ¢ 00-
MM SMHTTepoM. B pmemy Ga3 BceX TPaH3HCTOPOB BKJAOYEHH
JeJIHTeNH M3 conpoTHBJAERHH: Ry, Ry R;, Rg Ry R,y 310
CHeNaHO JJIs cTaOHJM3anHH pexXHMOB. TperHH KackKal Ha
TpaHsHcTOpe T3 OXBaueH OTPHIATENBbHOH OOpPaTHOH CBA3BIO
N0 NMepeMEeHHOMY TOKY; 3TO JAOCTHTHYTO BKJIIOUEHHEM COMNpO-
THBJIEHHSI R, B Uenb 3MHTTEpA.

Y 3KONOJIOCHOCTb CXeMH ofecreyeHa nogaueil moJIOXHTE N b-
HOHl oOpartHOH CBSI3H C COMPOTHBJIEHHSI Ry uepe3 COMpOTHBJeE-
HHe R, Ha 6a3y tpausucropa T4 Tpancgopmarop Tp,
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CJIYXKHT ]ISl COTJIaCOBAHHMSI BTOPOrO KackKaja c TperbuM. [lo
CBOMM JaHHBIM TpaHchOpPMaTop aHaJoOrHyeH KaTtylike L,.

TakuM 00pa3oM, CXeMy YMHOXeHHs JOOPOTHOCTH, IpH-
BeJleHHYI0 Ha pHC. 26, MOXHO NpPH NpPOEeKTHPOBAHHM H MO-
CTPOEHHH Y3KOMOJIOCHBIX YCHJIHTe/ell B 3BYKOBOM JHanasole
HCIOJb30BaTh KaK BXOJHOH H30UpaTe/bHBIH YCHJAHTE/b.
CxeMa OTJIHYaeTCsi BHICOKOH H30HMpaTesbHOCThIO H MPOCTOTOH.

B HekoTOpHIX ciayuyasiX, B YAaCTHOCTH NpPH MpPHMeHEHHH
yJAbTpa3ByKa, HYXHbl M30HpaTe/bHble YCHJIHTENH B JHala-
3one yacror or 40 mo 100 xey. OxuH M3 TaKHX yCHJHTeseH
nokasaH Ha puc. 27 [JI. 111

Puc. 27. Ycuaurenp Ha 40—100 xey

Ycuauresib BHIIOJHEH Ha Tpex TpaHsucropaX. [IBa mep-
BBIX KacKaja — YCHJHTeJbHble. Pe30HaHCHBIE KOHTYPHI
BKJIIOUEHB! HENOCPEACTBEHHO B LENH KOJJIEKTOPOB TPaH3HCTO-
pos T, u T,. Karymku KoHtypoB L, H L, nomeuieHs! B 6po-
HeBble TropuiKooOpasHble cepieuHHKH TtHna Cb-la. Kaxpas
katymwka uMmeer no 500. BHTKoB mposopa IIDJI nuamerpom
0,1 mm. OKOHeuHBIH KacKaj — 3MHTTePHBIH MOBTOPHTENb.

KoadpHuneHT ycuienus ycHuaurens — okomao 400—600.
Bxoanoe Hanpsixenue or 0,1 mo 10 ms ycunuBaercsi Ges
HcKaxeHu#. TIpM 3aMKHYTOM BXOJe INyMBl Ha BBIXOJE He
npesbiaior 0,1 8. BXogHoe conpoTuBieHHe — 0KoJ0 1 Kox,
BoixogHoe — 20 xom. TlorpeGisieMblli cXeMoH TOK He MpeBH-
maer 6 ma. Cxema ocraercsi pa6orocnoco6HON NpH H3MeHe-
HHY HanpsiKeHHMs nutaHus Ha +10%.

HanpsikeHHe cHrHaJjla, nOcTynawlllee Ha BXOJ| yCH/IUTe N,
MOXHO pery/aupoBaTb conpordBieHHeM R,. HyxHo# wus-
6upaTeNbHOCTH M YCHJeHHMS AOOHBAIOTCA HACTPOHKOH KOH-
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TYpPOB B Pe30HAHC Ha BHIOPaHHYIO 4acToTy. TOUHYIO HACTpOi-
KY OCYILECTBJISIIOT MOABHXKHBIM cepleuHHKoM. [lepsrii Kac-
KaJ Ha TpaHaucrope T, oxBaueH OTpHIATeJbHOH OGpaTHOMH
CBSI3bIO [0 NOCTOSTHHOMY TOKY; 3TO 0o0eCreueHO BKJIOUEHHEM
B leNb 3MHTTEpa CONMPOTHBJIeHHS R,, 3a6JIOKHPOBaHHOIO
KoHzieHcaTopoM Cg. UTOOB YBEJHYHTh BXOJHOE CONPOTHBJIE-
HHe, BTOPOH KacKal Ha TpaH3HcTope T, OXBaueH OTpHLATENb-
Holt- oOpaTHOH CBSI3bI0 U 1O INEepeMeHHOMY TOKY, TaK Kak
COMpPOTHBJIEHHE B IIeNH 3MHUTTEPa He 3a0JOKHPOBAHO KOHJEH-
catopoM. C 3ToH ke LeJIbIO NOC/AENOBATENbHO C KOHAEHCATO-
pom C, BKJIOUEHO compoTuBJeHUe R,. [ljisi crabuiusanuu
pabounx Touek TpaHzuctopoB T; U T, B uend 6a3 BKJIOUEHHI
JeJqHTeNd U3 COnpoTHBNeHHH R, R; U4 R, R,

Jns yMeHblUeHHSi BJHSHHS IIYMOB 4Yepe3 HCTOYHHUKH
NUTAaHHS B KOJIIEKTOPHl TpaH3uCTOpoB T, U T, BKJIOUEHHI
passsisbiBaromue puiabtpel R,—C, u R,—C,. Hanpsxe-
HYMe IHUTAaHHS Ha OKOHEUHBIH KacKaj MOCTynaeTr C JeNHTeNs,
COCTOSIIEr0 M3 cOnpoTHBNeHHH R,, U R,;. ConpoTHBJieHHe
R ;> coBMecTHO ¢ KOHZAeHcatopoM C,; BHIIOJHSET TaKXKe POJib
pa3BssbiBaollero GHAbTPa MO Henu nuraHusi. Hampsxkenue
BHIXOJA CHHMMaercsl C CONMPOTHBJEHHS R, uepe3 KOHIeHca-
Top C1p-

Crnenyer OTMETHThb, YTO B CXeMe, NOMHMO YKa3aHHBIX,
MOXXHO NPHMeHHTb M TpaHsucropsl tumos [113, T114 u np.
IIpy HacTpolike ycHJHTeNs1 B LEJOM ClefyeT He TOJBKO
OTperynupoBaTb KOHTYphl, HO H nopo6paTtb BeJIHYHHBI CO-
NPOTHBJIEHHH R3 M Rg. DTH BeJHUHHBI BBIGHPAIOT C TaKHM
pacueroM, 4ToObl B 3aJJaHHOM JAMaNa3oHe BXOJAHBIX HaMpsKe-
HUH ycHnMTeab paboran 6e3 HCKamKeHHH.

HuskouacToTHbIH H3OHpaTeNbHbIH MHJIINBOJbTMETD

Ilpu u3MepeHuH wWyMoB, BHOpPauHH M JPYTHX HH3KOYa-
CTOTHBIX NapaMeTPOB YacTO BO3HHKaeT HEOOXOJUMOCTb Peru-
CTpPaUyH CIeKTPANbHOrO pacrpefeseHus curHana. [locrpours
TPaH3HCTOPHBIH NPUOOP 1Js1 H3MePeHHUs! CIeKTPaJbHOrO pac-
npefeneHHs  HH3KOYACTOTHBIX  CHI'Ha/loB,  o6GJajaromuit
nJjaBHo#l nepecTpoiiKoH, — Jeno oueHb cioxkHoe. [lostomy
JONYCTHMO JHCKPETHO HacTpaHWBaTh NpHGOP Ha 3ajaHHYIO
YacTOTYy NpPH MOMOIIH [epeKJIoYaTe/sl YacTOTHI.

Ha puc. 28 npuBefeHa cXeMa H306HpaATeNbHOrO MHJLIH-
BoJIbTMeTpa HHU3KOH uacrorsl [JI. 12]. BxogHoe conporusJe-
HHe npubopa Ha Jio60OM JHaNasoHe OCTaeTCsl MOCTOSTHHBIM
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(okoso 0,5 Mom). Vamepsiembie uacrotei: 400, 1000, 2000,
3000 u 5000 ey. ITpenenst uaMepenus: 0—10, 0—30, 0—100,
0—300, 0—1000 ms. IluTanume mnpubopa OCYLIECTBISETCS
ot Gatapeit HanpsikeHHeM 22,5 8 + 5%. IloTpeGasiemMelft Tok
He npesoimaer 10 mxa. TlorpemHocTs H3MEpeHHs HamnpsKe-
HHs cocraBaser +3%.

CxeMa npu6opa COCTOHT H3 JeJIUTEJNsI BXOAHOTO Hampsike-
HHS, YCHUJIHTeJsI, H36HpaTeJIbHOI'O YCHJIHTENBHOTO KacKaja H
BHIXOJHOFO KacKajia C PEerHcTpaTOpOM.

Ko 30k

Puc. 28. Hs6uparenn

BxonHoil CHrHaj nocTynaeT Ha JAeJiHTe/lb HanpsiKeHHS,
KOTOPBIHl COCTOHMT H3 CONPOTHBJIEHHS R,; M MarasuHa compo-
THBJEeHHH R,—R;, nepekmiouaeMoro ¢ NOMOILLIO NepeKJoya-
tens I1,. Pacminpenre avanasoHa HM3MepeHMH MoxHO obec-
NeYyHTh, 3aMeHHB NepekouaTess [1,, uMeomui 5 nonoxenui,
nepekJouaresneM Ha 11 noJyioxeHHH H BBe/isl HOBbIE CONPOTHB-
JIEHHsT B MarasuH.

Curnaa ¢ fenurens depe3 KoupeHcatop C, H cCOnpoTHsJe-
HHe Rg; mnoctynaer Ha 6a3y 3MHTTEDHOTO NOBTOPHTENS,
BBIIIOJIHEHHOT'O Ha TpaH3ucrope 7. YMeHbUIEHHIO LIYMOB
H yBEJHYEHHIO BXOJAHOIO CONPOTHBJIEHHS CNOCOGCTBYET TO,
4TO SMHUTTEPHBIH NMOBTOpHTENb cCOOpPaH Ha KPeMHHEBOM TpaH-
sucrope tuna [1106 ¢ noHHKeHHBIM HanpsKeHHeM NHUTAHHSA.
D10 NOHHXKEeHHe HaNpsKEeHHS OCYIIeCTBJASETCS CONPOTHB-
JeHueM R,,, BKJIOUEHHEIM Ha 3eMJIO uepe3 KoHpeHcatop Cs.
B nenb 6asbl TpaHaHcTopa T'; BKJIOUEH JeJHTe/Ib H3 COMPO-
THUBJEHHH R,—R,, npHieM AJsi yMeHbIUEHHS LJyMOB CONpO-
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THBJIEHHe R, TaKxKe COeIHHEHO C 3eMJeH uepe3 KOHJeHca-
top C,. CHrHan ¢ HarpyskM SMUTTEDPHOrO MOBTOpHTENS
conpoTHBJieHHss R,; mocTynaer uyepe3 KoHjeHcarop C, Ha
ABYXKacKagHbIH YCHJHTEJ]b HaNpSIKEHHS], NMOCTPOEHHBIH Ha
TpaHsucropax T, H T3 o cxeMe C 3a3eMJIEHHBIM 3MHTTEPOM.
B nepBuiff KacKaj YCHJIHTENS] BKJIOUEH MAJIOLIYMSINHH, HO
obnafaomui G0JbIIHM KO3(GhHIHEHTOM YCHJIEHHS] TPaH3H-
crop T, tana [128, oxBaueHHBHIH oTpHLATe/NbHOH OOpaTHOH

CBSI3bI0 IO MOCTOSAHHOMY TOKY.
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OtpuuaresrpHast o6paTHas CBsI3b CO3/aeTCs1 HA CONMPOTHB-
JeHUH 'R ;, BK/IOUEHHOM B ILleNb 3MHTTepa TPaH3ucropa T ,.
IMuTanne Kackajga OCYLIECTBJASETCS TaKKe MOHHKEHHBIM
HamnpsiKEHHeM H3 oOLIell TOYKH C SMHTTEPHHM OBTOPHTEJIEM.
Hanpsixenne nutanus — okojo 8—106. [das crabuiusa-
uuy paGouel ToukH TpaH3HcTopa T, B uenb 6asul BKJOYEH
JeJHTENb, COCTOSIIHA U3 CONpOTHBAeHHH R, U Ry, K menu-

TEJI0 NPHJIOKEHO BCe HamnpsAKeHHe 6a'rapen.

Bropoit Kackan ycuaurets cobpaH Ha Tpausucrope Ty
H WMeeT OTpHUATENbHYI0O OOPATHYIO CBfi3b IO NEPeMEeHHOMY
TOKY (compoTHBjleHHe R,; He MIYHTHPYeTCst KOHAEHCATOPOM).
YcHJIeHHBI#l CHTHAJ C KOJIJIEKTODHOH Harpyskd TpaHsH-
cropa T'; # conpoTHBJeHHs R,, yepe3 KoHAeHcaTtop C, H nepe-
MEeHHOe CONpOoTHBJeHHe R, mojaercss Ha 6a3y HabHpaTelb-

HOrO KacKaja, coOpaHHOro Ha TtpaHsucrope T,.

Kackapg

' TakKe OXBaueH OTPHIaTeNbHOH OOpaTHOH CBA3bI0 MO nepe-
MEHHOMY TOKY BBHJY BK/IIOUEHHS B elb IMUTTEPA CONPOTHB-
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Jgenusi R,;. B memb KoajekTopa BKJIOUEH NapaJiesbHbl
usbupare/bHbIA KOHTYp (4epe3 KoHueHcatop C,), cocrosiuuit
M3 KaTymKH L; ¥ opHoro u3 koupencatopoB C,,—C,,. Hdas
npeloTBpalleHHsi Bo30yxKAeHHs Karylmika L, clesnaHa c oT-
BOJlaMH M MOJKJ/IOYeHa K KoJJeKTopy TpaHsHctopa T, H
K 06ase tpaHsHuctopa T's He MOJIHOCTBbIO, a JIHMIIb CpenHed
9acThIo.

Ha wusMepsemo#t ugacrore, BHIOMpaeMON nepekJiouare-
Jgem I1,, KOHTyp HacTpaHBaeTcss B PE30HAHC OJHHM H3 KOH-
nencaropoB C,,—C4. Tlepekaiouatens [T, COCTOHT M3 ABYX
naat. Bropasi mnsara mnepekJiouarensi nojkjaioodaer OaJa-
CTHBIE CONPOTHBJEHHS Rgy—R,5 B Llenb KOHTypa AJs BHI-
pPaBHHBAHHS YCHJEHHS Ha OTJeJbHBIX yacroraX. [lepemeH-
HBHIM CONpPOTHBJIEHHEM R;, Ha BXOJe KacKaja NpOH3BOLSAT
nojacTpofiky MnpHM KaJuOpOBKe IUKaJbl [0 HaNpsKEHHIO.
W36uparesbHOCTh JAHHOTO OAMHOYHOI'O KOHTYpPa 3aBHCHT OT
ero JOGPOTHOCTH M B JAaHHOM CJyuae He OUeHb BBICOKA, YTO
BJisieTcsl HeJOCTaTKOM mpHOopa.

CHurHaJ ¢ pe3OHaHCHOH 4YacTOTOH KOHTypa IOCTymaer Ha
OKOHEUHBIH yCHJ/IMTeNb, BBINOJIHEHHBIH Ha TpaHsuctrope T;.
OKoHeuHBI yCHJIMTENb aHaJOTHYeH MO CXeMe BXOJIHOMY
Kackajy Ha TtpaHsucrope T, UrtoObl H36exaTb BJIHSAHHS
TI0JIOKHTEJNbHOH 00paTHO#A CBSI3M C BHIXOAA NpHOOpa Ha BXOJ
yepes nenb NHTAHHSA, B KOJMJIEKTOp TpaH3ucTopa T BKJIOYEH
pasBsA3bIBAOIMA (HJABTP H3 CONMPOTHBJEHHS Rz H KOHMAEH-
catopa Cy,.

PerucrpatopoM CIyXKHMT MHKpOaMnepMeTp, BKJIOYEHHBIH
B CXeMy MOCTOBOTO BhIIpAMHTeNs Ha Juojax J9B. Curnan
Ha MOCT MOCTyNaer C KOJlJIeKTopa TpaHsucropa T, uyepes
KoHJeHcaTop Cyg M CONPOTHBJIEHHE Ry,

Ilpu HacTpoiiKe MHJIJIHBOJILTMETPA CONPOTHBJEHHS Rjy—
Rqs pekoMeHayercsl cHesaTb nepeMeHHeIMH. Ilepekiouarenb
IT, nago B3sitb Ha 1l mosokKeHHH — 3TO pAaCHIMPHUT KOJHU-
4eCTBO (DMKCHPOBAHHBIX HAaCTOT M He YC/IOMHHT cxemy. Jlas
KaTyIIKH MOXKHO HCNOJb30BaTd ()EPPHTOBLIM TOPOMAANBHBIH
CepAeYHHK C HHAYKTHBHOCTbIO 4—b5 en. OTBOmOB Jyuine
BCEro cjlejaTth He JiBa, a yeThlpe-nsaTh. HoOMHHAMB KOHAEH-
catopoB C,,—C 4 MOT'YT, OT/INYATLCS OT YKa3aHHBIX Ha cXeMe,
MO3TOMY . IpH HacTpoHKe (HKCHPOBAHHOH YacTOTH YAOGHO
HCIOJIb30BaTh MarasvH eMkocTed.

IIpu HacTpofiKe BXOJHOrO HEJHTENs TaKKe MOMXKHO HC-
NO/Ib30BATh NEPEMEHHbIe CONPOTHBJIEHHS, HO B 3TOM Ciyyae
KOpnyca CONPOTHBJIEHHH HeOGXOAMMO 3a3eMJIHTb, a NMPOBOJA
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OT TeHepaTopa cjeJaTh KOpoue M 3KpaHHpoBaThb. [lpexie
yeM HacTpaHBaTb BXONHOH Je/NHTeNb, HYKHO MOJYUYHTH
MaKCHMaJibHOe yCHJIEHHe OT CXeMbl, HeoOXofMoe 1151 paGoThl
peructpupyiomero npubopa. Ecnu ycuieHHs HeZoCTaToOuHO,
TO MOXHO YMEHBLIHTb BeJIHYUHB SMHTTEPHBIX COIPOTHBJIE-
HUH B TpeTbeM M YeTBEPTOM KacKajax.

UsGuparenbubie ycuautean ¢ RC-puiabtpamu

IIpy wu3MepeHHSIX Ha HH3KHMX 4YacTOTaX MHCIOJb30BaHHE
¢unprpoB THna LC HexenareqbHO, TaK KaK yBeJlHYHBAer
raGapuThl TPAaH3HCTOPHOH ammapaTyphl, BHOCHT HCKaXKEHHS
H YCJIOXKHSIET H3TOTOBJIEHHE; K TOMY K€ JOOPOTHOCTb TaKHX
¢dunbpTpoB HeBesuka. [IpumeHenue xe RC-OHIBTPOB HA HHU3-
KHX 4YacToTaxX, BIJIOThb IO €JHHHIl Tepl, Ha pajaHoJaMmnax
He BbI3bIBaeT 3aTpyAHeHHH. Brxkuiouenne RC-GuAbTPOB
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Puc. 29. Cxema, ocnabasiomasi HanpsiKeHHe C YacTOTOH CeTH.

B TPaH3HCTODHBIE CXeMBbl HECOMHEHHO JlaeT MOJIOKHTENbHbIHA
3¢deKT, U ecaH OHO elle He MOJYYHJIO IIHPOKOrO pacmpo-
CTpaHeHHsl, TO JHLIb H3-3a TPyAHOCTEH COrJacoBaHHS Kac-
KaJlOB H MaJIoro omeitTa B 3TOH obsnactd. Huxe paccMorpennt
cxeMbl H36MpaTeNbHBIX TPAH3HCTOPHBIX YCHJHUTE/EH C HCIOJb-
3oBaHueM RC-¢unbTpoB THna jaBoiHOro T-o6pasHoro Mocra.

Ha puc. 29 nokasana cxeMa HH3KOYacCTOTHOTO TpaH3H-
CTOPHOTO YCHJIHTeNs, ocnabJsiomas HanpsiKeHHe CHTrHaja
¢ yacroroii 50 ey [JI. 20]. Cxemy Hcnosb3yloT mpH H3Mepe-
HUH HanpsKeHHs yactoTel oT 2 10 40 ey. M3mepenus nanps-
JKEHHSI TaKoH HHU3KOH 4acTOThHl BCTpedalorcsi B OGUodH3MKe,
MeJIMUHHe, ceficMHYeCKOH pa3Beike H JAPYrHX 006JacTsix
HayKHM U TeXHHKH. DoJsbliue nmoMexH B U3MepeHHS] BHOCATCS
NpH 3TOM HanpsXKeHHeM IPOMBINJIEHHOH .CeTH € YacToTOH
50 ey.
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HanpsixkeHHe cHrHa/Ia NOCTyNaeT yepes CONPOTHBJEHHE R,
Ha JBoHHOH T-o6pasHbli MOCT, KOTOPBLIH COCTOHT H3 COMpO-
tuBaeHudl R,—R, u xoupescaropos C,—C,. [BoitHoit T-006-
pasHelfl GHJABTD BBINOJHSIET 3arpaxjamomylo poJb H Ha-
cTpoeH Ha yactoty 50 ey. IToaToMy HanpsikeHHe ¢ 4aCTOTaMH
10 50 ey mpoxopmuT yepe3 QUJBTP C MHHUMAJbHBIM ocJjabJe-
HueM. Hanpsikenne c yacroroii 50 ey ocnabnsieTcss npHMepHO
B 100 pas. Yacrorel Bhime 50 ey Takxke ocjaabisiorcsi, HO
B HECKOJbKO pa3 MeHbiie. UtoObl ¢uiabTp OBbLI COrJiacoBaH
C ycHJHTeNeM, TOCJAefHHH JAoJKeH 00/iafiaTh NOBBIILIEHHBIM
BXOIHEIM CONpOTHBJeHHeM. [ljis 3TOH mesH BKJIOYAIOT Napy
tpaHsucTopoB T, u T, mo cxeMe COCTaBHOrO TPaH3HCTOPA,;
OHH pPaboTalT HAa SMUTTEPHBIA MOBTOPHTENb, COOpaHHBIH Ha
Tpausucrope 7T, [las yMeHblleHHss (a30BBIX HCKaKeHHH
B cxeMy BBeleHbl KoujeHcatophl C; u C,. ConpoTHBJeHHS
R, 1 Ry yMeHbIIAIOT BJHSHHE Harpy3KH Ha BXOJHOH KacKap.
ConporuBjleHHe Harpy3ku R, JIOMKHO OHITb He MeHblie
10 koM, Tak Kak B NPOTHBHOM ciay4yae OHO OyHeT BJIHSTb
Ha CXeMy M BHOCHTb JONMOJIHHTe/bHble HCKaxeHHs1. Heobxo-
JIMMO OTMETHTb BJIMSIHHE eMKOCTH KoHJeHcaTtopa C; Ha paboty
CXeMbl: NPH YBeJHYEHHH 3TOH eMKOCTH aMIJIHTyAHas Xa-
paKTepHCTHKA CXeMbl yJyuinaercs, a ¢as3oBas — yXyAllaercs,;
H, Ha060pOT, NPH YMEHbLIEHHH eMKOCTH (pa3oBast XapaKTepH-
CTHKA yJyduiaercsi, a aMIVIMTyAHAsi — yXyAamaercs. B cxeme
OTCYTCTBYIOT CTa0H/IH3UPYIOUHE 3JEMEHTH H MO3TOMY ee
He CJeJlyeT NOABeprarb TeMnepaTypHoMy BosieiictBHio. [1pH
HacTpoiike cXeMbl HauGoJsiee TIaTesbHOro nojpbopa TpeGyioT
naeud ¢uabrpa R,—R, u C,—C,. Koadpdbunuesr nepenauu
CXeMBl COCTaBJisieT OKoJIo enuHHubl. Hanpsixkenue, nopasa-
eMoe Ha BXOX H paBHoe oT | M8 o 4 6, BoctipousBogutcs 6e3
CyllecTBeHHBIX McKameHHH. HenocraTkoMm cxeMnbl siBasiercs
HaJlM4Me [BYX HCTOYHHKOB NHTAHHSA.

Ha puc. 30 npuBeseHa cxeMa H30MpaTeJbHOTO YCHJH-
tenst Ha 400 2y [JI. 21]. TlapaMerpsl cxeMbl: mosoca Mpo-
nyckauus — ot 10 po 20 ey, KoIpdUNHEHT YCHJEHHS —
or 2 g0 3, mo6portHocT — oT 150 mo 200, HeHcKaxeHHOe
HanpsiKeHHe Ha BHIXOJe — He GoJsiee 2 6. YCHJHTE/Nb MOXKHO
HCTOJIb30BAaTh B KayecTBe MPOMEXKYTOUHOrO, a 3TO 03HAYaerT,
4TO Mpexkie, YeM NPHMEHHTb ero B CXeMe KaKoro-Jju6o npH-
6opa, HeOOXOAHMMO BBECTH BXOJHbie H BHIXOAHBIE KacCKajbl
C JIOTIOJIHUTEJbHBIM ycHJeHHeM. Bricokasi H3GHpaTelbHOCTb
yCHJIeHHs1 ofecrneyeHa npuMeHeHHeM JBo#iHoro T-oGpasHoro
Mocra.
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BxopHo# curHaa mocrymnaer Ha 6a3y 3MHTTEPHOro nmo-
BTOpUTeNns Ha TtpaHsucrope T,. K comporuBiennio R, moz-
KJIIOUeHBl HeCHMMeTpUuHble nyeyd ¢uiabtpa. CHMMeTpHUHbIE
nJaeyd (UIbTPA, COCTOSIHE H3 COMPOTHBJIeHHH R,, R,
R,y 1 kougencaropoB C,—C4, COEIHHEHBl C BXOJAOM 3MHT-
TEPHOTO TOBTOPHTENS] Ha TpaH3ucTOpe T, M BLIXOAOM 3MHUT-
TEPHOrO MOBTOpUTENST Ha TpaH3ucTope T, Mexay sMurrep-
HbBIMH MOBTOPHUTENSIMH BKJIOUEH YCHJHTEJNbHBIA Kackan Ha

Beixad
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Puc. 30. HMabupartenbubit ycuantear Ha 400 ey.

TpaH3ucrope T3, coOpaHHBIH 1O cXeMe ¢ OOLIHM 3MHTTEPOM.
BxuioueHne 3MHTTEPHBIX MOBTOpHTesefl Heo6GXOmHMO s
COrJIacOBAHHS BXOJHBIX H BBIXOAHBIX CONPOTHBJIEHHH Kac-
-KaJloB ¥ GUIbTPa, a HaJHYHe YCHIHTENbHOI'O KacKaja Jenaer
(UABTP AKTHBHBIM 3JIEMEHTOM.

Kackapel Ha TpaHsucropax T,—T, coelHHeHBl MeXAy
coBoit HenmocpeAcTBeHHO. Takoe COeHHEeHHe YIPOLIAaeT CXeMY,
a OTpHUAaTeNbHble OOpaTHbHIE CBSI3H B KaXJOM Kackaje craGu-
JH3HPYIOT pexHM B nejoM. Bxiouenue nsoiinoro T-o6pas-
HOoro Mocra 6es sa3eMJieHHSI BCTpPeyaeTcsi JOBOJIBHO PeKo,
HO B JIAHHOH cXeMe HYKHO HMEHHO TaKoe BKJIOYeHHE — OHO
obecreynBaeT BEICOKYIO H30HpPaTeNbHOCTb H OTCYTCTBHE TeHe-
panUM NpH COXPaHEHHH OCTAJbHBIX NapaMeTPoB.

Hacrpo#ika cxeMbl npoOH3BOAHTCS MepeMeHHBIMH COMNMpO-
THBJIEHHSIMH R; U Ry NpH Nojaue Ha BXOJ HampSKeHHS OT
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remepatopa. B mpouecce HacTpoiKH HeoOXOJUMO CJIeJUTb
3a OTCYTCTBHEM TreHepalHH.

YeuadTenb MOXKHO HAacCTPOUTb M Ha Jpyrue 4acToThl, AJIst
yero HyKHO H3MeHHTb napaMerpbl JBodHoro T-o6pasHoro
MocTa. [IpH H3MeHeHHWH HanpsXKeHHs NUTaHUS Ha =18
pe3oHaHCHasl 4YacToTa YXOAMT Ha =3 2y. IlorpebiseMbli
cXeMO#l TOK He IpeBbILIaeT 5 ma.

PaccmorpenHble cxeMbl (puc. 29 u 30) Heab3sl CUHTaTh
3aKOHUEHHBIMH YCHJIUTE/ISIMH, TaK KaK CaMOCTOSITEJBHO OHH
Bpsi JH CMOTYT HaliTH npuMeHende. Tounee GblIO Obl 0Ge
cXeMbl HasBaTb aKTHBHBIMH RC-duibTpaMy.

BKJroueHHe MPOCThIX M Majora6apuTHbIX aKTHBHBIX (H/Ib-
TPOB B CXeMbl I03BOJIsieT pewiaTb 60JbLIOH KPYr BONPOCOB,
CBA3aHHLIX C aMMJHTYJHO-YaCTOTHBIMH H3MepeHHsIMH Hamps-
EeHHsl CHTHAJOB HH3KOH YacTOTHI.

H36upaTenbHbifi HH3KOYACTOTHBIH MHKPOBOJBTMETD
¢ 60JbLUIUM BXOAHBIM CONPOTUBJIEHHEM

Ha puc. 31 nmnpeacraBireHa cxeMa HH3KOYacTOTHOTO
H36HpaTeJbHOr0 MHKPOBOJIBTMETPA C BHICOKHM BXOJHBIM CO-
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Puc. 31. HusgouacToTHbli H3GHpaTeNbHBIA MHKDO
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npoTtuBieHueM (mopsiika 3 Mou). ViaMepsieMbll AManasoH
HanpspkeHu# pasbuT Ha 5 mopmuanasoHoB: or 3 mxe o 10,
30, 100, 300 u 1000 uxs. Paboune yacTOTHl MEKPOBOJ/IbTMETpA:
240, 400, 500, 1000 u 2000 ey. ITomoca nmponycKaHUs paBHa
2—3% oT HOMHHA/NBHOTO 3HAYEHUSI HU3MepsieMOH YacTOTHI.
DKBHBaJIEHTHAst AOOPOTHOCTH cocTaBJjsieT npumepHo 60. Ha-
NpsKEHHe NUTaHUsS JeKTPHUeCKOoH cXeMbl — mopsijika 10 s,
norpebsasieMbii TOK He mpeBblliaer 15 ma. YpoBeHb LIYMOB
Ha BBIXOAE JOXOIHT 10 2—3 MKS.

OcHoBHas norpeliHocTb uamepeHuit — g0 +3% ot Bepx-
Hero npefesa nofnuanasona. MisMeHeHue TeMnepatyphl OKpy-
)Katwouiero Bozayxa Ha =+20° C Bbi3bIBaeT AOMOJHHUTEIBHYIO
MOTPELIHOCTh B #+2%. DTH BeJUUYHHBI MOTPELIHOCTH IOJY-
eHbl TIPU MOJIEPIKAHHM HANpSKEHUs NMUTAHUA B Npelenax
+2%. TlosToMy IJ/if1 BHICOKOTOUHBIX M3MepeHHMH cXeMma mpH-
6opa HyxXJaercs B CTa0U/IM3alHH HANpPSKEHUS MNHUTaHUS.
Dtoit menu orBeyaetT KpeMHHeBblii crabusnutpon J1810. Ecun
yBEJUYUBATh PACXOJHBIH TOK HeXesaTeJbHO, TO KOUTPOJHU-
poBaTb HaNpSIKEHHE MUTAHUS MOXKHO MNEPHOAMYECKH, C I10-
MOIIbI0  JOTMOJHHTEJNBHOTO  MepeKjaoyaTessi, peryaupys
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BOJILTMETP C BBICOKMM BXOAHBIM COIIPOTHBJIEHHEM.
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nocaenHui no Mepe Heo6XOAUMOCTH J00aBOYHLIM NepPEMEHHBIM
COMpPOTHBJIEHHEM.

Manas BeauunHa AHHAMHYECKOTO AHanasoHa CXeMHl (OT
3 mxe 1o 1 mg) He sBasiercsi HefnoctaTkoM. Ilpu H3MepeHMH
HarpsKeHUH, npeBbINAWIHUX 1 M8, MOXHO B cilydae HeoO-
XOJIMMOCTH BKJIIOUHTH Ha BXOJe HeJIHTeNb HJIH MepekJiodya-
TeJb 106aBOYHBIX CONMpOTHUBJEHHH. B 3toM ciayuae mpuGop
HCMOJIb3yeTcsl KaK H30UpaTebHEIA BOJIETMET).

BosmoxHocTH npH6opa He orpaHHYeHH H3MepeHHeM HH3-
KMX yactoT. JlocraTodHO, HanpHMep, BKJIOYHTb Ha BXOJe
IEeTeKTOp, 4TOOB HM3MepsTh HacTOTy H TINTyOHHY MOAYJISIHH
BBICOKOYACTOTHOH cocTaBasiiomei. Ecau  3arpaxpaomui
GuABTP 3aMeHHTh 3SKBHBAJIEHTHEIM CONMPOTHBJEHHeM 60—
100 xom, To mpubGop MpeBpaTUTCH B MUKPOBOJNBTMETP C MJIOC-
KO aMIJIHUTYLHO-4aCTOTHOH XapaKTepHCTHKOA B JAHamasoHe
or 100 ey mo 20 xey.

Cxema npu6opa COCTOHMT M3 NpPeABAPHUTENBHOTO YCHIHTEN S
C BHICOKHM BXOLHBIM CONPOTHBJEHHEM Ha TPaH3HCTOpax
T—T,, nepekJiouatesas nojxidana3oHos [1,; u3bupareinb-
HOTO ycHJuTeNsi Ha TpaHsucropax T,—T;y €O CMEHHBIM
sarpaxaaomuM ¢uaptpoM tHna 2T U OKOHEUHOrO YCHJIH-
Tensl Ha TpaH3ucropax T ;;—7T ;; ¢ perucTpUpyIOmHM MHKpPO-
amMnepMeTpoM. :

[IpenBapuTenbHBId YCHJINTENb CAYXKHT I/ MOJYYEHHS
BBICOKOTO BXOAHOTO CONMPOTHUBJIEHHSI H JJIs YCHJIEHHs cabbIX
CHTHAJIOB C MUHHMAaJbHBIM YPOBHEM HIYMOB.

BeicOKOe BXOJHOE CONMPOTHBJIEHHE HNOCTHUTHYTO BKJIIOUe-
HUEM CJIOXKHOI'O SMUTTEPHOI'O NMOBTOPHTENSI HAa TPAH3HCTOpaXx
T,—T3 1. 22]. Tpausucrop T, BKJIOYeH LISl TeMIepaTyp-
HOHM KOMIIEHCAl[HH, €ro fmapaMeTphl HAJ0 NOogOHpaTh B KOM-
nJeKTe ¢ TpaH3ucTopoM T.

Hanuune 100%-Ho#t oTpumaTenbHoli o6paTHOH CBA3H,
OXBaThiBalollel CJAO0XHBIH 3SMHTTEPHBIH NOBTOpHTEJb, obec-
neyuBaeT HeOOXOAMMYIO CTaGHJIBHOCTb H BBICOKOE BXOJHOE
conporuBjeHde. KoadpduuuedT nepefau CIOXKHOIO KackKafa
no HanpsixeHuio — nopsigka 0,96—0,97.

B npeaBapHuTenbHOM yCHJHTENE NMPHUMEHeHBl TPAaH3HCTOPHI
tina [127A unu T128 ¢ KoadduureHTOM myMa MeHee 5 06.
Baarojapsi aToMy LIyMbl, nMpHBeLeHHHle KO BXOAy, He Mpe-
BuLAOT 1 mK8. UToOb yMeHBIUHTH HANpsKeHHe IIYMOB,
B KOJJIEKTOpP TpaHaucropa 7T, BKJIO4eH pa3BA3LIBAIOIUI
(HUABTP O LeNH NHTAHUS H3 CONPOTHBIEHHS Rz H KOHJeHCa-
topa C,. Tpausucropst T;—Tg coeauHeHbl MexAy coboii
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HENoCPeICTBEHHO MO MOCTOSHHOMY TOKY, 6e3 JOMOJNHHTENb-
HBIX 3JIEMEHTOB, YBeJHYHBAIOMHX HaNpsiKeHHe [IYMOB.
YcuauTeN b HanpsiKeHHs MNPeABapHTEJbHOrO  YCHJIHTENS
co6paH Ha TpaHusucropax T,—Tg [JI. 231].

CHurHaql Ha YCHJIHTeNb NOCTYHaeT C CONPOTHBJEHHS R,
HarpysKH 3MHTTepHOrO noBropuresnsi. Kackax ycumurens Ha-
NpsixKeHHsi Ha TpaHsucrope T, cobpaH no cXeMe € OGLIUM
SMUTTEPOM H COeHHeH HeNoCPEeACTBEHHO IO MNOCTOSHHOMY
TOKY C 3MHTTEPHHIM MOBTOpHTENEM Ha TpaHaucTope Tj5. Koa-
JIEKTODHOE HampsiKeHHe Ha TpaHaHcrop T, mocTymaer uepes
MocJIe0OBaTeNIbHO BKJIIOUEHHBIH TpaH3ucTop T, a KOHJeHCa-
Top Cg CNYKHUT IS PA3BSA3KH MO NepeMeHHOM cocTaB/siiomel.

Ycunurenb HanpsiKeHHss Ha TpaHsucrope T cobpaH mo
cXeMe ¢ OOIHMM 3MHTTEPOM; €ro Harpyska -— CONPOTHBJIEHHS
penaurenst Rys—Ryq.

HOns crabuipHof paboThl TpPeXKacKaAHbIH YCHJIHTeNb Ha
tpausucropax T,—T, 0XBaueH KOMOMHHDOBaHHBIMH 0O6part-
HbIMH CBsi3siMH. C conmpoTHBJEHHS Ry, (4aCTH 3MHTTepHOM
Harpysk#) 3MHTTEPHOr0 MOBTOPHTeJs OTPHLATe]bHasi obpart-
Hasi CBSI3b IO NOCTOSTHHOMY TOKY nojaercsi Ha 0a3y Tpah-
aucropa T,. [locienoBarennHoe BK/IIOUeHHE TPaH3HCTOPOB
Ts u Tg crabUIH3HPYeT DexXuM TpaH3uctopa T4, Tak Kak
TpaH3HCcTOp T'5 BHIMOJHSIET POJIb COMPOTHBJEHHS OGpaTHOM
CBSI3H MO NMOCTOSTHHOMY TOKY.

OrpHuarenbpHass obpaTHas CBs3b 110 NepPeMEHHOMY TOKY
[IOCTYNAaeT C BBIXOJA YCHJHTENS Ha ero BXOJA (Kosjekrop T,
conpoTuBJieHHe Ry, KoHueHcarop C,, smurrep T,). Perymu-
pPOBKa OTpHIAaTeIbHOH 06patTHOM CBSI3M NMpPOHM3BOAMTCH Nepe-
MeHHBIM CONpPOTHBJIEHHEM Ry4. i dHKcanuH pabouell TOUukH
TpaHaHcTOpa TgCMYKHUT AeUTENb H3 CONPOTHBICHHH R ;1 H Ry,

Hanuuue orpuimatenbHBIX OOpaTHHIX CBsizedl obecneuu-
BaeT CTabH/IbHYI0 paboTy, JIHHEHHYI0 YaCTOTHYIO XapaKre-
PHCTHKY H HH3KOe BBIXOJHOE CONPOTHBJIeHHe NpeABapHTE/b-
HOTO YCHJIHTEJSI.

Uro6b yMEHBUIHTH IIYMbl H NPEAOTBPATHTL BO3OYKAEHHUE,
YyCHJHTENb MHTAIOT Yepe3 pasBs3biBaioliHe (QHJABLTPHl U3 CO-
NPOTUBJEHHH Rg, R,; ¥ KoHAeHcaTopoB C,, Cyo. Koadduunent
YCHJIEHHST TPEeABApUTEJIbHOrO YCHJHTENS 10 HanpsuKeHHIo,
paBubiit npuMepHo 800—900, peryaupyercsi COnpOTHBIEHHEM
06paTHON CBsI3H Ry,.

Ha Bxop wu3bupartenbHOro ycuaurens (6asa TpaH-
ahucropa T,;) cHrHaj moctrynaer ¢ Je/Hrtessi HalpsiKeHHH,
TNepeK/MoyaeMoro nepekiwouareaem f1,.
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N36uparenbHblfl ycHaHTeb COOpaH Ha TpaH3HcTOpax T,—
Ty ¥ HMMeeT CMeHHBIH 3arpaxiaiomuid GHIbTP THNAa ABOH-
Horo T-o6pasHoro Mocra (2T) [J1. 24].

IlepBuilf KacKal Hu36HpaTe/bHOrO YCHJHTeAs Ha TpaH-
sucrope T, CAyXKHT ycHIHTeJeM HanpsukeHus. Jas crabu-
JM3alHH OH HMEEeT OTpHIaTe/bHBle 06paTHble CBSI3H MO TOKY
¥ HanpsixkeHHIo, obecrieudBaeMble BKJ/IOYEHHEM CONpPOTHBJIE-

HHUH Ry U Ry

Oa

f. 24 Gy Cn m
20 | 0,02 0,0 | 0,04
400 | 0015 | 7500 | 0.022
500 | 0013 | 6500 | 0702

1000 | 6600 3300 | 0,01

2000 | 3300 1650 | 5000

Puc. 32. Bofineii T-o6pa3ubiii MOCT H HOMHHAJIBL
KOHJEHCATOPOB, VIS Pa3MYHbIX YacToT.

YcunenHpl#l N0 HaNpsKEHHIO CHTHAJ monajaer Ha 6asy
tpansucropa Ty, Ha KOTOPOM Takxke cOOpaH yCHJIHTeJNb Ha-
npsKeHusl. DTOT KacKaj OXBaueH OTPHIATeNbHOH o6paTHoM
CB$13bI0 10 MOCTOSTHHOMY TOKY. C KossekTopa Tpansucropa Ty’
HanpsKeHHe CHrHaja nojaercsi Ha 6a3y 3MHTTEpHOro Io-
BTOpHTENsI, coOpaHHOoro Ha Ttpauaucrope T, C 3MmuTTepa
tpaHsucropa T, HanmpsKeHHe CHrHaJa NOCTYNaeT Ha OKOHeY-
HBIH' YCHUJIHTEb.

HecummerpuuHblil ABofiHONH T-00pasHblil GUIBTP MOAKJIO-
yeH K 6ase COryIacyIolero 3MHTTEPHOro NOBTOPHTEIS HA TPaH-
aucrope T U K 6aze SMHTTEPHOTO NMOBTOPHTENs Ha TPaH3H-
crope Ty, Taxum o6pasoM, nmosydaercs 4aCTOTHO-3aBHCHMasl
o6parHasi cBsi3b. [103TOMy MHKPOBOJIbTMETD YCHIHBAET TOJIHKO
HanpsiKeHHe CHMTHaja. C 4acToTOH, Ha KOTOPYIO HacTpoeH
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¢uabrp. Ha puc. 32 nokasana cxema jsoiiHoro T-o6pas-
Horo ¢uabrpa (2T) M npHBeleHH] HOMHHAJbI KOHAEHCATOPOB
I/l pPasHYHBIX 9acTOT. KOHCTPYKTHBHO (GHJLTP Jyulle Je-
JlaTh CMEeHHBIM Ha pasbeMe OT JaMnoBoiH maHead. BoaMoxkeH
BapHaHT HCMNOJb30BAaHHSl NepeKJiouaresnsi, HO 3TO Pe3Ko
yBenuuuBaeT rabapHurtbel npubopa.

OkoHeuHplfi ycumuredb (cM. puc. 31) cobpaH Ha IBYX
tpaHsHuctopax Ty, H Typ, BK/IIOUEHHBIX MO TXeMe ¢ OOMHM
5MHTTEPOM. PerHcTpHpyIOUMM NPHOOPOM CJIYKHT MHKPOAM-
nepMerp. [lapanjensHO MHKpoaMmepMeTpy BKJIIOUEHO Mepe-
MeHHOe CONMpPOTHBJIEHHe R,y AJs IIYHTHPOBAHHUS npuOOpa NMpH
-04eHb GOJIBLIOM YCHJIEHHH CXEMBI.

OKoHeuHbIHl YCH/IHTENb OXBaueH He TOJNBKO MeCTHBIMH 00-
paTHBIMH CBfI3sIMH, HO M oOuiell orpHiaTeabHOH o6paTHOH
CBSI3bIO C KOJIJIEKTOpa TpaHaucropa T, Ha SMHTTEp TPaH3H-
cropa Ty, uepe3 BHIIPAMHUTEbHBIH MocT B,. B kauecTtBe BhI-
NPSAMHTEJBHBEIX 2JIEMEHTOB B CXeMe -MOCTa MOXKHO HCMOJIb30-
Bath repMaHHeBble auoiw! Tuna [12, 7, 19 c 6yKBeHHLIMH
HHJeKcaMH. B 3akmioueHHe ciefyeT 3aMeTHTb, 4TO MHKpO-
BOJIbTMETP MOXXHO HAaCTPOMTb H Ha JApYrue 4acrtoThl, OTJIHYHbLIE
OT yKasaHHBIX. [l 3TOTO JOCTaTOYHO H3MEHHTb COOTBET-
CTBYIOUUM 00pa3oM KOHAEHCATOPHl (UIbTPA.

IJIABA IATAA

UMNYJIbCHBIE TPAH3HUCTOPHbIE
YCHJINTEJH

ViMnynbcHble MeTonb!l paboThl MPHMEHSIOTCS B 3JEKTPOH-
HBIX BBIYHCJIHTEIbHBIX MallMHaX, SilepHOH (H3MKe, TeJeBH-
JNeHHH, pajgHo/IOKanuH, paJAHOHABHUrallMH, aBTOMaTHKE H
CBSI3H.

TTourn mpH Bcex nmpeo6pas3oOBaHHAX HUMMYJbCOB HX HAJO
npeaBapUTEIbHO YCHJIMBATh 0e3 HCKaXKeHHH JO JOCTaTOYHOH
BeJMUHHBI. [/ ycusMeHHst cJabbiX HMOYJbCHBIX CHI'HAJIOB
HYKHBEI He MPOCThIe JHHelHble YCHJIHTeNH, a TaKHe, KOTophble
06/1a71al0T BXORHBIMH XapaKTePHCTHKAMH JJIsl COTJIaCOBaHHSs
CXeMbl C JaT4MKaMHM HMMyJbCOB M BBIXOAHBIMH — JJIs1 pa-
6OTBI C pasjJUYHBIMH CUETHBIMH H H3MEPUTENbHBIMH CXeMaMH.
HMnyJ/ibcHBlE YCHJIMTENH Ha TPaH3HCTOPAX AOJIKHBI 06/1aJaTh
MOMHMO JOCTOMHCTB, MPHCYLIHX BCeM CXeMaM Ha TPaH3HCTO-
pax, elle W MOBBILEHHOH CTaGHIBHOCTBIO U BHICOKOH paspe-
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matomell cnoco6HOCThIO. TaKkue yCHUIHTENMH He HOJIKHEI CKOJIb-
KO-HUGY b 3HAYHTEJNbHO YCTYNaTh N0 NlapaMeTpaM CBOHM JlaM-
MOBBIM aHaJIOraM.

MpeasapuTenbHble YCHAHTENH

Ha puc. 33 npeacraBieHa cXeMa NpeJBapHTeNbHOTO yCH-
JIMTEJIS Ha TPeX TPAH3HUCTOPaX C BHICOKHM BXOJHBIM CONpPOTHB-
neHHeM. KO3(hOQUUHEHT YCHIEHHSI YCHJHWTEJs HEeMHOrHM
GoJsipllie eAMHHIBI, TMO3TOMY NPAKTHUECKH TaKOH yCHJHTeNb
MOXET CJyXKHTb IJISl COTJIacOBaHHA C (POTOYMHOXKHUTENMH,
rasopas3psAAHbIMH CUETYHKAMH H Nbe303JeMeHTaMH H [Jis Tie-

{3} —o
A, 430 -10s

Puc. 33. Ilpenycu/ntenb ¢ BHICOKHM BXOXHBIM
CONpPOTHBJIEHHEM.

pellaud CHrHaja MO KOaKCHa/JbHOMY Kabemio Ha JHHeHHHI
ycunauredb. HeduHefHOCTh aMIVIMTYLHOM XapaKTepHCTHKH
B nuanasose ot 0,5 go 200 Mm@ BXOZHOrO CHrHaJia He NPEeBHI-
maer «+1%. JIuHaMuuecKHH [HanasoH BXOJHBIX Hampske-
Huit — ot 0,5 m8 no 3 6, HCKaxeHHS NPH 3TOM COCTaB-
asior +5%. BxomHoe compoTHBNEHHe YCHJHMTENST — IO-
psiika 5 Moxn. Paspemaiomee BpeMsi NPH 3TOM He Xyxe
1 mrcex. Ilpu H3MeHeHMH OKpyXalolled TeMmepaTypbl Ha
+20° C momnosiHuTeNbHAS MOrPEIIHOCTb JocTHraer +5%. [Tu-
TaHHe CXeMHl OCYIIeCTBJseTcsl HanpskeHHeM 10 ¢ & 2 g;
npH 3ToM norpebasieMbl TOK He mpesbimaer 0,5 ma.

YCHJIMTE/Ib COCTOMT H3 JBYX SMHUTTEPHBIX NOBTOpHTEseH
Ha TpaHsHcropax T, u T3 H ycHJHTeNsd HanpsiKeHHs Ha
tpaHaucrope T, COGPAHHOTO MO cXeMe C OOMHM 3MHTTEPOM.
BeicOKOe BXOAHOe CONpOTHBJEHHE YCHJHTENS MOJy4YeHO
BKJ/IIoueHHeM TpaH3ucTopoB T, H T, Yepe3 conpoTHB/eHHEe Ry
K IJIIOCYy HCTOYHHKa nuranus [JI. 251].
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BKJioueHHe CONPOTHBIEHHI B LeNH SMHUTTEPOB obecneyH-
BaeT OXBAT BCeX TPeX KaCKaJOB MECTHHIMH OTPHIAaTe/bHbHIMH
06paTHBHIMH CBSA3SMH. IMMyJbc BHIXOAHOTO HAaNpsiKeHHs 0C-
pasyercs Ha conpOTHBJIEHUH R ,,. BeJUUYHHY 3TOrO CONpOTHB-
JIEHHsI MOXGHPAIOT MPH HacTpoHKe TakKoH, YToGn OHa Gbljia
COrjlacoBaHa C COMNPOTHBJEHHEeM Kalessi HJIH C BXOAOM JH-
HeffHOro ycusuTesnsi. BXogHoe conpoTHB/eHHe CXeMbl 3aBHCHT
OT BeJHUHH CONPOTHBJEHHH Rg U R,;. YBeJHuHMBasi BeJH-

Riod,2K
O~ * {3 O
e 35). 0,20 EZU I5/r 33
’ lb—52%\ ¢, 20
4- /]
A
B8zad Buixod
=
b
o *——o 0
-J- =L Cs
20 Ry 228 +208

Puc. 34. Ilpepycuinutels C HeBHICOKHM BXOJHBIM CONpPOTHUB-
JIEHHEM.

YHHBE 3THX CONPOTHBJIEHHH, MOXHO NOBBICHTb BXOAHOE CO-
nporusJeHHe cxeMbl 10 10 Mom, HO npH 3TOM MOAGOp TPaH-
3ucTopoB OygmeT sarpyiaHeH. B mporecce HacTpoiKH yCHJIH-
tessi ocob6oe BHUMaHHe JOJIKHO ObiTh oOpaiieHo Ha KayecTBO
TPaH3HCTOPOB.

B cxeMme mpHMeHUMBI He TOJILKO YKasaHHble, HO H JioOble
IpyrHe TPaH3UCTOPHI. 3aMeHa TPAH3HCTOPOB MPHBOAHUT JHIIb
K TOMY, YTO Ha HH3KOYaCTOTHBIX TPaH3HCTOpaX paspellaomiee
BpeMsi yBeauuuBaercsi o 10—15 mxcex. Ilpu mobbix THMax
TPaH3HUCTOPOB OOpAaTHbIH TOK KoJJeKropa H Ko3(pHULIHeHT
IIyMa He JOJ/DKHBHI NPEBHILATh COOTBETCTBEHHO | MKa u 5 06.

Ha puc. 34 npuBeieHa cXeMa NpeABapUTEIbHOrO UMIYJIbC-
Horo ycuauresns [JI. 26], ucmosab3yeMoro ¢ moJynpoBORHH-
KOBBIM JIeTEKTOPOM silepHBIX H3JydeHHH. BXoxHoe conpoTHB-
JeHue ycusurensi — He MeHee 40 xom. Koapduuuenr ycume-
HHs paBeH 22 mpH c¢akrope ob6paTtHoH cBs3u mnopsigka 10.
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Paspewaiomee BpeMsi cxeMsl — ot 8 10 10 mkcex. JInHeit-
HOCTb aMILJIUTYAHOH XapaKTepUCTHKH MPH MaKCHMaJbHOM BhI-
XOHOM cHrHaJe B 3 8 He xyxe 1%. KoseGaHus oKkpyxarome
TeMneparypbl B npegenax or +10 g0 4-50° C u H3MeHeHHs
HamnpsiKeHHs NUTaHHS Ha +10% npHBOXAT K JONOJIHHTENb-
HOH mnorpemHoctd, He npeBblimaiomei 1%. Cxema nutaercs
or 6atapeH 40 6. HanpskeHHe nocTynaeT Ha JeJHTeNb U3 ABYX
OJHMHAKOBBIX CONPOTHBJIEHHH, cpelHsist TOYKa KOTOpPOro co-
envHeHa c seMjed. [Toatomy HanmpsiKeHHe 1O OTHOUIEHHIO
K Kopnycy cocraBiser: —20 6 Ha KOJJIeKTOpax TPaH3UCTO-
poB T, u T, 1 +20 8 Ha 5MHTTepax 3THX TPaH3UCTOPOB.

BxonHo#t Kackaj ycHaHtens nuddepeHIHaILHOTO THNA
cobpaH Ha AByX TpaHsHcropax T, u T,. Takoe BKJioueHHe
obecrieuHBaeT yCTOHUHBOCTb K Meperpyskam H yao6CTBO B Mmo-
Jade orpuuareqpHOH oOpatHo#t cBsisu. OrpHuarennHasi 06-
paTHas cBfi3b mojaercsl C KOJIJIeKTopa TpaHaucropa T; Ha
6a3y TpaHsuctopa T, yepe3 conmpoTHBJIeHHe R, U KOHJEHca-
top C;. BrixogHo# KacKaj Ha TpaHsucrope T3 cobpaH 1o
cXeMe ¢ OO MM 3MHUTTEPOM C OTpHIaTeNbHOH 06PaTHOM CBA3BIO
N0 TOKY H C HesnuTesNeM B liend 6aswl Ai1s1 cTaBUJIH3aLMH pa-
6ouell TOYKH TpaH3HCTOpA.

Ilo mensM mUTaHHS YCHJHTENb UMeET sYeHKH pas3Ba3biBa-
IOWHYX (HIBTPOB H3 CONPOTHBJEHHH R;,, R,; U KOHJIeHca-
topoB C;, C,. Uro6bl obecrieuuTh TeMneparypHyIo cTaGH/ib-
HOCTb, Hafl0 NpPHM HACTPOHKe YcHJHTeNns noiOuUpaTb TpaH-
suctopel T, U T, C ONMHAKOBBIMH IlapaMeTpaMH.

Ha puc. 35 npuBelieHa cXeMa IIHPOKOIOJOCHOTO HMIYJIbC-
HOr'O TMPELYCHUJIHUTENs C BHICOKHM BXOJHBIM COMPOTHBJIEHHEM
[J1. 27]. Koadduuuenr ycuieHus cxeMbl — okosio 10—15
npH AHHAMHYeCcKOM JHamnas3oHe BXONHOrO CHrHaja ot 1 wms
10 0,5 . Paspelnaroiiee BpeMs yCHIHTEN — MeHee 3 MKCeK.
Hanpsxenue myMoB, np¥BeieHHOe KO BXOAY, He NpeBhIlIaeT
0,3 ms. laMeHeHHe JHMHEHHOCTH aMMIJIHTYIHOH XapaKTepH-
CTHKH cocTaBjsieT +2% NpH H3MeHeHHH OKpYyXKaiollell TeM-
neparypsl Ha +20° C. HanpsixkeHHe nHTaHHSI CXeMBI COCTaB-
Jasiet 20 6. CpefHsis TOYKA JeJIUTeN s Hanp sXKeHH s, COCTOSIIErO
U3 COMPOTHBJEHHH Ry; M R4 3a3eMieHa. DTO NO3BOJSIET
CTa6HIN3HPOBATh HaNpsiXKEHHEe NMHTAHHS KPEeMHHEeBLIMH CTa-
6usurpoHaMu tHna J1809—/J1810. Tok, morpebasieMblii ycH-
JuTesneM, coctaBiasieT 15 ma. Ecau conportuBieHus Ry B Ry,
ylanuTh M3 CXeMbl H NMOJaBarb MNHUTaHHe OT ABYX O6aTapeid
HanpsikeHHeM 1o 8—10 @, To morpebyeHHe TOKa 3HAYHTE/]b-
HO COKpartuTcs.
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VYcunureab cobpan Ha uverblpeX TpaHsucropax T4, T,
u T, tuna [1503 u T, tuna [130. CBsizp MeXAy TPaH3HCTO-
paMH — HenocpejcTBeHHasi. [lepBrie TpH KacKala SIBJASIOTCS
ycunuTe bHbIMA. CONpPOTHBIEHHST Harpy3KH KacKaJoB BKJIO-
yeHbl B KOJIJIEKTOPHblE LenH. BhIXOmHOH KacKaj sBJ/seTcs
SMUTTEPHBIM MOBTOpUTENEM. OH CHYXHT IJS COrJIacOBaHHUS
BBIXOJla C HIOC/IElyIOLIHM YCHIIHTeIEM HIIH C KabesieM, a TaKxKe
¢ enouyKoit o6parHoi cBsi3H. O6mas orpuLaTeabHast oépa’rﬁaﬂ
CBfA3b NoJaercss C 3MHUTTEpa TpaHaucropa T, Ha Ga3y TpaH-
 — o)
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Puc. 35. IlIHpoKONOJOCHHH HMIYJbCHBIA NPeNyCHIHTENb.

sucropa T, yepe3 conpoTHBJIEHHe R,, T. e. C BbIXOJa YCHJHU-
TeJisi Ha ero BXOZ.

YMeHblIEHHI0 HATPSXKEHHS IIyMOB CIOCOOCTBYET TO, 410
nepBBIfl KacKajJ, MUTaercs TMOHHKEHHBIM HampskeHHeM. JTo
NoHUXKeHHe obecrneyeHO BKJIOYEHHEeM CONPOTHBJEHHH R,
U R; B lenb KoJjJekropa tpansucropa Ty. Kongencarop C,
CJIYKHT pa3BsisbiBaOUM. TaKuM 06pasoM, JefcTByiomel KoJ-
JIEKTODHOH Harpyskofl No mepeMeHHOMY TOKY SIBJseTcsl CO-
npoTUBJeHHe R,. Pojib KOM/IEeKTOPHOH HarpysKH TpaH3H-
cropa T, BhIIONHSIET conmporHBJ/eHne R,. Conporusienue R;
B IleMH 3MHTTepa TpaH3ucTopa T, CO3JaeT MeCTHYI OTpPH-
narebpHyl0 06paTHyI0 CBSI3b NO TOKY. Llemouka M3 conpoTHB-
JeHusi R, u KoHgzeHcatopa Cj yMeHbllaeT o6paTHYIO CBSI3b
no mepeMeHHOH cocTapJsiomeld. KoJjleKTopHOH Harpysko#
tTpaHsucropa T3 CIyKHUT CONPOTHBJEHHE Rg, a B LeNb SMHUT-
Tepa BKJIOUEeHa siueliKa o6paTHOH CBSI3H, aHAJOrHYHas TPaH-
3ucropy T,. BrixonHoe HampsiKeHHe YCHJHTENs CHHMAeTrcs
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¢ conpoTHBJeHHs: R,,. BiHsHUe BHelIHell HATPY3KH Ha yCH-
JINTENIb YMEHbIIEHO TeM, UTO MOCJe/l0BaTebHO C KOHJIEHCaTo-
poM C, BKJIOUEHO CONPOTHBJeHHe R;3. B uenw nHranus
BKJIIOYEHbl pa3Bsi3biBAalOllHe LENOYKH H3 _CONPOTHBJEHHH
R s, Ry ¥ xoupeHncaropoB C,, C;.

[IpH neBTOpEHHH CXeMbl MOXKHO NPHMEHHTb TPaH3HCTOPHI
He Tos1bKO cepHH 500, Ho 4 cepuu 100. B aToM cayyae Xxapakre-
PHCTHKH YCHJIHTENSI HECKOJbKO YXYAIIAloTCA H Tpebyercs
NOATOHKA PEXHMOB TPAaH3HCTOPOB CONPOTHBJIEHHSIMH 0oGpat-
HOH CBSI3M M Harpy3ouHbIMH.

M EA

Puc. 36. Ilpenycuantenr ¢ GodbuiMM KO3(GHIHMEHTOM YyCHJIEHHS.

Ha puc. 36 usobpaxkeHa cxeMa MpenyCcHINTENs C BHICOKHM
BXOAHHIM conporuBiendeM [JI. 28 ]. Bennuuna BxogHoro co-
nportusJeHns npessiimnaer | Moum. Koadduinenr ycunenus —
6oabme 100. JluHamMuueckKuil auanasoH ycuaurenst — ot 0,5
10 30 M8 IPH COXpaHeHHH JHHEHHOCTH aMIJINTYAHOH XapakTe-
pucTHKH Jo =1%. Paspemaiomee BpeMsi cocTaBisieT 4—
5 mrcex. lllyMbl Ha BbIXOJle, MPHBEJEHHbIE KO BXONY, COCTaB-
asior 100 mks npH cnenMaapHO NoAO6PaHHBIX TPAaH3HCTOpaXx
no KO3pHIHEeHTY IIyMa U no o6paTHOMY TOKY KOJJIEKTOpa.
KoadpuuueHT myMa He HOMKEH NpeBHIIATh 5 06, a 06paTHbIHA
TOK KOJIIEKTOpa He JoJifkeH Oblth Gosiee 1 mka. IIpu npumene-
HHH TpaHsHcTopoB THna [1415 ato goctHraercs Ges ocoObIX
ycunuii. MisMeHeHHe oKpyxxarowmel teMmeparypsl HA =+20°C
BBI3BIBAaeT JONOJIHHTEbHYIO HOrpeliHocts B +5%. bBes cre-
LMaJbHBIX Mep MO cTaGHJHM3alMM YCHJIEHHS YJY4YIIHTb Xa-
PAKTEPHCTHKY YCHJIHTeJII B OTHOIIEHAH TeMIepaTyphl He
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ynaercs. Tok, norpe6asieMblii cxeMoil, coctaBnser 15 ua npH
HanpskeHHH B 10 6.

Bricokoe BXopHOe conpoTHB/IeHHe YycHJHTeNs ofecneueHo
BKJIIOYEHHEM Ha BXOJe CJIOXKHOTO 3MHTTEPHOrO NOBTOPHTE/S
Ha YeTbipeXx TpaHsucropax T ,—7T,. [lepenaua curuaga c Bxona
Ha BBIXOJ, SMHTTEpPHOrO NoBTOpHTens pasHa 0,92—0,95. Tpan-
3dcTopel Ty u T, BKJIOYEHB NOC/AeJOBATeNbHO IO NHTAHHIO
NOCTOSIHHBIM TOKOM. B penu Gasel Tpamsucropa T, MMeercs
JeJMTe/]b H3 BBICOKOOMHBIX CONPOTHBJEHHH R, H R, aias
crabuau3auuu pabouell Touku. Tpausucropst T3 U T, BKJIO-
YeHpl MO CXeMe COETABHOrO TPAH3HCTOPA; NPH, 3TOM B IeNb
6a3bl TpaH3ucTopa T3 TaKKe BKJIOUEH BHICOKOOMHBIH JejiH-
TeJlb M3 CONPOTHBJEeHHH R, H R;.

Kaxaplil 3MHTTEPHBIH MOBTOPHTENb OXBayeH CHJIBHOH OT-
puuaresbHOH 06paTHOH CBSI3bIO, YTO MOBHIILIAET BXOJZHOE CO-
NPOTHBJIEHHE YCHJHTENsA H CTaGHIM3UPYeT PEXHMBI TPAH3HU-
cropoB. CBSI3b MeXAYy TPaH3HCTOPAMH — HEMOCPEACTBEHHas,
4TO OcJab/sieT HCKaXKeHHsl U yMeHbIlaeT KOJHYECTBO 3J1eMeH-
TOB CX€Mbl, a TaKxKe NMOBHIIIAeT ee CTaGHJIBHOCTD. ¥ CHIHTEb
Hanps>KeHHsl BBINOJHEH Ha AByX TpaHsucropax T5 u T,
Kaxapiii Kackaj ycuautenst cobpaH no cxeme ¢ OGLIHM IMHT-
TepoM. CHHXEHHIO BBIXOZHOTO CONPOTHBJIEHHSI YCHJIMTENS
B 1EJIOM CMOCOOCTBYeT SMHTTEPHBIH MOBTOpHTENb Ha TPaH-
sucrope T, tTuna I1106. Kaxaeifi 3 KackajoB Ha TPaH3HCTO-
pax T;—T, umeet B tenu Gasbl JeqUTeNb AJIS CTaOUIH3ALHH
pabouux TOUEK.

Ycunurenu HanpsKeHHs Ha TpaHaucropax T U T oXBa-
YeHbl MECTHBIMH OTPHIATE/IbHBEIMH OGPATHBIMH CBS3SIMH. JTO
JAOCTHTHYTO BKJIIOYEHHEM B IeNH 3MHTTEPOB CONPOTHBJEHUH
Ry, Ry u Ry, Ry;. CnocoGHOcT K caMOBO3GYXKAEHUIO
YCHJIMTe/Isl yMeHbIIeHa TeM, YTO MeXAy KOJJeKTopoM M 6a-
30it TpaHsucropa T¢ BK/IOUEH KOHJEHCAaTOp 06GpaTHOH CBSI3H
Cs. [las yBequveHHs! OOLIEr0 YCHJIEHHSI cXeMbl BBeleHa Io-
JOXHTe/NbHasA oOpaTHasi CBA3b C IMHTTEpa TpaHaucrcpa T
yepe3 conpoTtHBieHHe R,; M auox [, Ha CpegHIOI TOYKY
cOnpoTHBJIeHHH R, U R,, B nenu sMurrepa T;. [IHOA MOXKHO
3aMeHHTb KOHJeHCaTopoM. BesMuMHa eMKOCTH KOHAeHCaTOpa
Oynaer onpefensTb yCHJIeHHe M YacTOTHHIH AHANAa30H CXeMbl
YCHJIUTENS. Y CHJHTENb OYeHb MPOCT B HACTPOiKe M FOYTH
He TpeGyer mombopa 3JeMeHTOB. Ecau HampsokeHue mryma
Ha BBIXOJE MOBHILEHO, TO MOAaBaTh HaMpsiXKeHHe MHUTAHHS
Ha CJIOKHBIA 3MHTTEPHBIH NOBTOPHTENb CJEAyeT 4epe3 CO-
NpOTHBJIEHHE Pa3BA3KH mopsjka 1 kom.
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Ha puc. 37 usobGpaxeHa cxeMa NpPeABAPUTENILHOTO YCH-
JIUTe/ISl C HH3KHM BXOZHBIM comporuBienueM [JI. 29]. Ycu-
JHuTeNb coOpaH Ha IIECTH TPAH3HUCTOPAaX, COeAWHEHHBIX MO-
napHo B TPH KacKaja. YcCHJeHHe cXeMbl MO HalpsKeHHIO
cocraBnsier okono 20—30. Paspelnaiouiee BpeMss He NpeBH-
maer 2—3 mkcek. BXopHoe compoTHBJIeHHE YCHJHTeNsl —
okosio 500, a BeIXOgHOe — OKoJio 100 om. Cxema, muTasich
HanpsikeHHeM B 20 @, morpebjsieT TOK, He MpPeBHILAOMHH
10 ma.
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Puc. 37. TlpegycHanTesNib ¢ HH3KHM BXOJHBIM CONPOTHBJEHHEM.

JuHaMuyeckuil puanasoH ycuaurenss — or 1 go 10 ws;
IPH 3TOM COXDaHsercs JIMHEHHOCTb aMIJIUTYZHOH Xapakre-
puctuky B npefenax +1%. C yBennuendeM BXOXHOTO Hampsi-
xenus 10 0,5 ¢ nuHefiHOCTL yxyawaercs 10 +10%. [Tpu Tem-
nepaTypHOM BO3JeHCTBHH Ha yCHJHTeNb B AHama3oHe +20° C
JONOJTHATEIbHASL TOrpelrHocTb cocrasiasier +3%. C usme-
HeHHeM HaNpsDKeHHs NHUTaHUS Ha =+2 6 MOrpellHOCTb He
npesoiiaer +0,5%.

BxopHoll Kackal cobpaH Ha IByX TpaHsHcropax T, u T,.
¥ paunslii nopbop 9TOH maphl yMeHbllaeT Apeld M HampsKe-
HHe myMoB. Kackajl oxBaueH cH/IbHOH oTpUIaTebHOR 06par-
HOH CBsI3bl0; OHa MOJaercs C KOJJIeKTOpa TpaHsucropa T,
Ha 6a3y tpaHsucropa T, yepe3 conpoTHB/eHHe R, U KOHJAEH-
catop Cs. OT BenMuuHBI eMKOCTH KoHAeHcatopa Cj 3aBHCST
IIMPHHA II0JIOCHl NpPONYyCKaHHsl H TeMNlepaTypHasi CTaGuJb-
HocTb. HawanbHoe ¢dopMupoBaHHe BXOJHOrO HMMYyJbca OCY-
leCcTBJIsSIeTCS LIeNOYKOH M3 KoHJeHcaropa C, H cOmpoOTHBJe-
HHSI R,. [Ton6op BeqHUHHBI 3THX 3JIEMEHTOB JOJKeH obecme-
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YUTh TaKyIO MOCTOSTHHYIO BPEMEHH LIeNOYKH, KoTopas 6blia Obl
JOCTATOUHO 60JbIIOH, 4TOOB AMHAMHYeCKHH AMANa30H CXeMbl
He yMeHbLIAJCS, H B TO XKe BPeMsi JOCTaTOYHO MaJioH, yTOOHI
C BO3pacTaHHeM YacCTOTbl He H3MEHSJIOCh YCHJEHHE.

Ycunenue kKackaja cocrasisier ot 2 fo 4. ConpoTHBJe-
HUe R, CNyXKHUT KOJ/NEKTOPHOH Harpyskod tpansucropa 7 ,.
ConpotuBnenne Rj u KoujeHcatop C, "06pa3yioT s4eHKy
MeCTHO! oTpHLaTeNIbHOH 0o6paTHO# cBsisd. CBSA3b MeXIy Ka-
CKaJlaMH NOJJlepXKUBAEeTCs Yepe3 CONPOTHUBJEHHe R;, KOTOpOE
ocnabssieT BJAMSIHHE OCTaJbHOH 4YacTH CXeMBl Ha BXOJHOe
CONPOTHBJIEHHE YCHJHTENs H YMeHbIIaeT HCKaxeHHs (poH-
TOB HMIyJIbCa NPH NepeXofe OT KacKala K Kackajgy. CxeMa
BTOPOrO YCHJIHTEJbHOrO KacKajza Ha tpaHsHcropax Tz u T,
OTJIHYaeTcsl OT CXeMbl NIepBOro Kackaja TOJbKO HOMHHaJ&MH
3JIeMEeHTOB. Y cHJieHHe KacKaja — okoso 7—10. Tny6una or-
pHnareJbHOH o6paTHOH cBsisu — mopsjgka 50. CBsA3b ¢ BbI-
XONHBIM KacKajioOM — HeNocpeJCTBeHHasl.

Brixonuo#t Kackaj Ha TpaHsucropax T U T, coOpaHHBIH
1o cxeMe Yaira, o6najiaer OueHb HH3KHM BBIXOLHBIM COMpO-
THBJICHHEM M BHICOKOH TeMIepaTypHOH CTaGHIBbHOCTBIO.
910 AocTHUrHyTo 6arofaps TOMY, YTO TPAH3HCTOPHI Pa3HBIX
IIPOBOAMMOCTeH BKJIIOYEHHI [I0 CXeMe COCTABHOI'O TPaH3HCTOPA.

Bce TpH Kackaja ycHJIEHHSI MMeIOT siyeHKH pa3Bs3blBa-
IOIIHX (HIBTPOB H3 CONPOTHBJEHHH W KOHJEHCATOPOB: Ryg—
Ca Ry;2—Cg Ry—C,.

Ecan 310T ycuauTeNb HCNONB30BaTh B KauyecTBe INpefBa-
PHUTEJBHOrO0, TO HeNeco0Opa3sHO Ha BXOJE CXEMBI BKJIIOYHTDH
BXOAHOH TpaHchopMarop.

Jluneiinbie ycHJaHTENH

[ng nanbHefiliero ycHJeHHs HMNYJbCOB NMPHMEHSIOT JIH-
Hel{Hble ycujHTenH. MX BKioyaloT, Kak NOpaBHJO, mOCHe
npeiBapUTe/bHbIX ycHaHTeJNeld. HasHnaueHne JHHEHHBIX yCH-
JIHTe/ell — YCHIHBAaTh HMIYJbCH 0 BeJH4YHHEI, oGecredynBa-
foed HOPDMaJibHYI0 Pab0OTy CYETHBIX HJIM aHAJH3UPYIOUHUX
cXeM, MOAK/IIOUEHHBIX K BBEIXOAY TeX Ke JHHEHHBIX YCHJIHTE-
Jedl. FlHOrla B THHEHHBIX YCHIUTENAX IPOUCXOAUT HEKOTOPOE
(opMHpOBaHHE HUMIYJbLCOB, HO JIHIIb MO AJUTEJILHOCTH, a He
N0 aMIJIHTYe.

Ha puc. 38 nokaszana cxeMa npocToro JHHe HOro UMy JIbC-
HOTO ycHuHTe]s1 Ha TpeX TpaHsucropax [JI. 30]. Bxoauoe
CONMpOTHBJIEHHE CXeMBl — HHM3KOE; OHO ompejessiercst mepe-
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xofoM 6aza—sMuTTep TpaHsucropa T;. BrixogHoe compoTHB-
Jenne — He MeHee 100 ox. KosdpuureHT ycHIeHHS cXeMbl —
okoso 10. MakcuMmalpHOe BHIXOJHOe HampsiKeHHe, KakK IO-
JIOXKHTEJbHOH, TaK M OTPHLATE]bHOH MNOJSPHOCTH, COCTaB-
asier 3—4 6. Paspemaloniee BpeMsi cXeMBI — OKOJIO 3—
4 mxcex. AMmiHMTyaHAs XapaKTePHCTHKa JIHHeflHa C TOYHO-
ctbio 10 +0,2%. ITuranue cxeMbl ocyuiecTBasieTcs OT 6aTaped
HanpsxenueM 10 g. [ nopaud HanpsiKeHHs] cCMellleHHs Ha
nepBelil H TPeTHH KacKajpl CHYXKHT OTAesNbHas Gartapes Ha-
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Puc. 38. Ilpoctoit nuHeliHbIA yCHIIHTEND.

npsixxendeM 10 8, MOAK/IIOYEHHAS TJIOCOM K CONPOTHBJEHHIO
R; u MuuycoM — K kKopmnycy. Heobxoaumoe HanpsixkeHue
CMellleHHsl YCTaHAB/IUBAIOT CONPOTHBJIEHHEM R ;.
[Torpe6asieMbiil cXeMOH TOK OT OCHOBHOH GaTapeH He Hpe-
BolaeT 5 ma. Cra6unusamue OT PasjHYHEIX JecTaGUJIH3H-
pyomux Bo3eficTBHH crnoco6CTBYeT TO, YTO CXeMa OXBaueHa
napajenpbHOH OTpHIaTebHOH O6paTHOH CBSI3BIO C BHIXOJa
Ha BXOJ. Llenouka orpunartenbHoH o6paTHOH CBsi3H, COCTOSI-
masi U3 CONpoOTHBJEHHS R, H KoHjeHcatopa C,, MOAK/IOUeHA
K KoJJIeKTOpy TpaHsucropa T3 H K Gase tpaHsucropa T,.
HsMeHsist BeTHUHHY CONPOTHBIEHHS R,;, MOXKHO MEHATb K03d-
(U HeHT ycHIeHHsl ycuaHuTenas. Bce TpH KacKafia yCHJIHTENSt
cobpaHBl MO cXeMe ¢ o6GmiMM sMuTTepOM. Kackajw Ha TpaH-
sucropax T, ¥ T3 oXxBaueHH MeCTHOH OTpHIaTeNbHOH 06part-
HOH CBfI3BI0 MO TOKY. DT1a CBfA3b CO3/laHa TEM, YTO B WENH
3MHTTEPOB BKJIOYEHBl JHOAEL B TMpPSMOM HamnpaBJI€HHH.
Juogsl He TOJNBKO OOecneyHBaIlOT AMHAMHYECKYI0 OGPaTHYIO
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CBfI3b, HO H OKa3bIBAIOT TEPMOCTaOHJIU3HpYIOLlee BIHSIHHE Ha
pexxHMel TpaH3ucTopoB. CBSI3b MeXKAY TPaH3HCTOpaMH — He-
nocpejCTBEHHasi, 4TO YyMEHbIIAaeT KOJIHYECTBO 3JIeMEHTOB
B cXeMe H ocJabjsieT HcKaxeHHsi. Ecau cXeMy cOeiHHHTHb
C MpeLYyCHJINTEJIEM, TO CONPOTHBIEHHE R ; MOXHO 3HAUHTEIbHO
YMEHBLIHTDb HJIH 3Ke HCKJIIOYHTb BOBCE.

B cxeMe JOnMycTHMO TPHMEHSITb TPAaH3UCTOPHl H JHOAHI
6e3 monbopa, Julib 66l HX MapaMeTpnl YJOBJETBOPSJIH nac-
NOPTHLIM AaHHBIM. IIpH H3roTOBJNEHHH M HaJajKe YCHJIHTENS
HeOOXOJMUMO B LieNH MHUTAHUS H CMelleHHs BKJIOYHTb PasBsi-
3bIBAIOIIHE siUEeHiKH H3 CONPOTHBJEHHH H KOHIEHCATOPOB.

Ha puc. 39 noxa3san jMHeHHBIH UMNYJbCHBIH YCHJIHTENb
IJIsl YCHJIeHHs aMIJIMTYAbl HMIYJbCOB, CTAaTHCTHYECKH pac-
npefeneHHslx Bo BpeMenu [JI. 311

Koadpuiuent ycunenuss cxeMmsl paseH 100 npu AuMHaMH-
YeCKOM JHara3oHe BXOAHBIX HMIYJbCOB OT 2 o 95 ms. Pas-
pelapoliee BpeMs — 0KoJO 3—4 MmKcex TPH JNJIHTENbHOCTH
BXOJHOrQ HMnyJibca He MeHee 1 mxcex. HennHelfiHocTh aMniy-
TYAHOH XapaKTepHCTHKH cocTaBisier 5% npH nojaue Ha BXOJ
OTPHIATeJbHBIX HMIYJIbCOB C aMIVIMTYAOH, He NpeBhILIaoIel
100 ms. Tlonaua Ha BXOJ yCHJIMTENS] HMIYJIBCOB C aMIJIUTYA0H
Boilie 100 M8 BEI3BIBaeT ee orpaHuuyeHHe. BoIXoHOe CONPOTHB-
JIeHHe COCTaBJjisieT OKO0JIO | KoM, NpH 3TOM MOJIIPHOCTb BHI-
XOIHOI0 HMIyJibca — TOJIOXKHTedbHasA. [IMTasich Hamnpske-
HueM 30 8, cxema norpebasier He Gosee 30 ma. BxopHoe
COMpPOTHBJIEHHE YCH/IHTeNIs] — HH3KOe, MI03TOMY CXeMy MOXHO
HCII0JIb30BATh C IPEeAyCHHTE/IeM HIIH BXOAHBIM TPaHcdopMaro-
POM, YTO 3aBHCHT OT BHYTPEHHErO CONPOTHBJIEHHST HCTOUHHKA.

HNmnysbesl BXOZHOrO HampsiKeHHsl f10cTynaloT Ha 06asy
tpausucropa T, uepes Koujgencarop C,. Ha tpansucropax
T,—T, cobpan BxoxHo# AuddepeHrHaIbHBIH KacKal. JleBast
yacTh Kackajia Ha TpaHsHucTope T'; CAYXKHT I/t YCHJEHHS
cUrHala, a mpaBasi — Ha TpaH3uctope T, — AN TeMIepa-
TypHOH KOMIeHcamH¥ M [OJaud OTpHLaTe]bHOH 0oOpaTHOH
cBsisu. O6paTtHasi cBsi3b nocrynaer Ha 6asy TpaHaucropa T,
C 4acTH 3MHTTEPHOTO CONPOTHBJIeHHS TpaHsHcropa T,.

Bxiouenue nudpdepeHnualLHONO Kackajia ‘Ha BXofe
cXeMbl YHOOHO BO MHOIHX OTHOLIEHHMSIX: BO-NIePBBIX, H3-3a
NPOCTOTH TMOJAYH OTpHIATEeNbHOH OOPAaTHOH CBS3H, BO-BTO-
pBIX, BBHAY YCTOHUMBOCTH NpPOTHB INePerpy3oK NO BXOAY,
B-TPeTbHX, OJarofapsi TOMy, 4TO TeMIepaTypHasi CTaOHJb-
HOCTb TaKOH CXeMbl M3BeCTHa, €CJH TPaH3HCTOPH [0 CBOHMM
napaMerpaM OJHHAKOBEHI.
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BTOphIM KacKaJOM CJIYXKHT YCHJIHTe/Nb HRNpPSIKEHHS Ha
TpaHsucrope T;, coOpaHHBIH MO cXeMe C OOLIUM 3MHTTEPOM.
IOns duKcauHu HanpsiKeHUs Ha SMHUTTepe CJYKHT KpeMHHe-
BbIH cTaGUMUTPOH /[[,, BKJ/IOYeHHBIH B OOpaTHOM HampaBJie-
HuH. Hanpsikenne Ha Hero nocrynaer yepe3 jao6aBoyHoOe cO-
nporuBjeHne Ry YcH/eHHBIH 1O HampsixKeHUIO CHUrHaJ Mo-
Jdaercsi Ha 6Gasy 3MHTTEPHOrO NMOBTOPHTENSI Ha TPaH3UCTOpPE
T,. Hannuue B 5MHTTEPHOH LielH NOCJeJHEro Tpex COnpOTHB-
JeHH# Ry—R ., ¥ AByX koHfeHcatopoB C, u Cy; oGbscHseTCS
pa3/IHYHBIMH BeJIHYHHAMH O0GPaTHHIX CBfA3ed (M0 MOCTOSIHHOMY
U NepeMeHHOMY TOKaM), HeoOXOAMMEBIX HIJil HOPMAaJibHOH pa-
6OTHl YCHJIHTEJbHOH CeKnMM Ha MepBHIX YeThipeX TPaH3HCTO-
pax T,—T,. DMHTTepHBI/i MOBTOPUTENb CHAYKHT AJIs COTJa-
COBaHHUSl YCHJIUTe/bHBIX KackajoB Ha tpaHsucropax T,—T;
¢ thazoHHBepTOpOM Ha TpaHsHcTope Tj.

®azounBeprop Ha TpaHsucrope Ty M OKOHeuHas 4YacTb
ycusuTens Ha TpaHsucTopax Tg—Tg co6paHEl Ha KPEMHHEBBIX
TPaH3HCTOPaxX 7-p-n-NPOBOAUMOCTH.

IIpuMeneHnre B ycH/HTese TPAaH3UCTOPOB TaKoH NpoBOAH-
MOCTH BBI3BAHO TeM, UTO OTPHLATEJbHBIA HMIYJbC Hampsxe-
HHMSI CHrHaJja, nocrynaioumuii Ha ¢a3oHHBEpPTOpP, H3MeHseT
CBOIO NOJIAPHOCTD Ha MOJIOKHTENbHYIO. ¥ CHIeHHBIH N0 Hanps-
KEHHIO MOJIOKHTEeJbHBIH HMIIYJbC MOAAETCA C KOJJIEKTOpa
TpaHsucropa T, Ha 6asy tpausucropa T, uepe3 nepexoiHOM
Konflecatop Cg Kackan nHa tpaHsucrope Ty Tak Xe, Kak
KacKaj Ha tpausucrope T,, cobpaH nmo cxeme ¢ oOILIUM 3MHT-
tepoM. CBS3b MeXJAy 3TUMH KackaJaMH HeNOCpeACTBeHHass —
¢ KoJileKTopa TpaHsucropa T, Ha 6asy tpausucropa 7,
Kackazel Ha Tpansucropax Tg v T, oXBaueHbl KOMOMHHPOBAH-
HBIMH OODaTHBIMH CBfI3fIMH N0 TOCTOSIHHOH H mNepeMeHHOH
COCTaBJISIOIAM. DTO cocoO6CTBYeT TOMY, UTO cXeMa paboraer
cTabU/IbHO B YCJOBHSIX MeHsiiolledics TeMnepaTypbl, YMeHb-
HIAI0TC HCKaxXeHHs1 QPOHTOB HMIYJbCOB M COXPaHseTcs JiH-
HeHHOCTb B AMHAMHUECKOM [HaNa3oHe NPH HeOGXOAUMOM yCH-
JieHHH BceH cxeMbl. C KoJekropa TpaHsucropa T, cHraazl
NOCTyINaeT Ha SMUTTEPHBIH MOBTOPHUTE/]b, COOpAHHBIH Ha TpaH-
aucrope T, MakcuMmaJsipbHasi aMIJIMTY/ia BEIXOZHOTO HMIYJIbCa
paBHa 10 s.

CrnexyeT 3aMeTHTh, YTO HaJIHUHe HEMOCPEACTBEHHOH CBS3H
MeXJy KacKaJaMH IepBOH YCHJIHTEeNbHOH CeKIHH Helb3s
CUHTATb HEJOCTAaTKOM, TaK KaK TaKas CBsI3b YMeHbILaeT HCKa-
*KeHHsT GOPMBI HMOYJbCOB, a Meperpyskd MO HacTOTE MaJlo
CKasbIBalOTCA Ha peXHMax pa6GoThl TPaH3HUCTOPOB.
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Ha puc. 40 npHBezeHa cXeMa JHHEHHOrO HMMYJBCHOTO
yeunureas [J1. 32]. Ycuaurenp npepHasHayeH AS yCHJICHHS
aMIUIMTYABl MMOYJbCOB. JIHHAMHUeCKHH AHanasoH BXOXHBIX
HMIyJ/IbCOB 1O HampsikeHHio — OT 5 g0 120 ma (npu oTpHua-
TeJbHOH moJIApHOCTH). Paspeiniaioiiee BpeMss — He XyikKe
3 wmrcex. Koapdunuenr ycuienus pasen 100. Bxoanas ewm-
KocTb paBHa 20 ngh, a BHIXOJHOE CONPOTHBIIEHHE COCTABJISET
0,5 xom; HeJHHeHHOCTb aMIVIHTYAHOH XapaKTepHCTHKH INpH
3toM He Xxyxe +3%.

[TuTaHHe nojaercst OT AByX HCTOYHHKOB HaNpSKeHHs pas-
HOH MOJIIPHOCTH, NMpHUeM cpefHeH TOUKOH CHYXKHT Kopmyc.
Hanpsixxenne HcTOUHHKOB cocTaBiaser +30 u —30 8 mpu
obmeM notpeGJieHHH TOKa He Bbille 35 ma. YCHIHTENb CO-
XpaHsieT paborocnocoOHOCTb B JHaNa3oHe OKpYKaiolieH TeM-
nepatypsl ot —10 mo +40° C, gomosHHuTENbHASA MOTPEUIHOCTD
NpH 5TOM He BHIXOIHMT 3a npenensl +5%.

Ycunurens COCTONT U3 ABYX YCHJHTENbHBIX ceKuuii. Ilep-
Bas CeKiHUd, BBINOJHEeHHasi Ha TpaHaHucropax T ,—T,, moutH
HHYeM He OT/IHYaeTcs OT BXOAHOH YacCTH YCHJIHTeNs, T0OKa3aH-
HOro Ha puc. 39. KoaddpuuueHT ycHNeHHs CEKIMH MO Hampsi-
KeHUIo — nopaaka 25—30. DMUTTepHbIH NOBTOPHTE/]b Ha
tTpansucrope T, CIYXKHT JAJsi COTJIAaCOBAaHHSI CO BTODOH yCH-
JIHTeNbHOH ceKnueH Ha Ttpausucropax Ty;—T,. IlpHHuH-
NHAJbHO SMHUTTEpHBIH NOBTOPHTENb He HyXeH. Ho npH usme-
HEeHHH OKpyXaiollell TeMmepaTypbl BO3HHKaeT OMacHOCTb Ca-
MOBO30YKJEHHS BCErO YCHJIUTEJS.

Kaxpplli kacKaj BTOpPoOH YCHJIHTe/NbHOH CeKIMH OXBayeH
MeCTHOH OTpHuaTeJbHOH 06paTHOH CBA3BIO IO TOKY, a KackKaj,
Ha tpaH3HcTOope T¢ — elle W Mo HanpsikeHHlo GJarojaps
BKJIIOUEHHIO CONPOTHBJIEHHH Rz, H Rz MeXAy KOJJIEKTOPOM
u Gasofi. [loMuMo 3rtoro, orpuuaresbHass oGpaTHasi CBSI3b
NOCTyNaeT C CONPOTHBJIEHHS Rgs, BKJIIOUEHHOTO B LieNlb IMHT-
Tépa TpaHsucropa T, Ha 6a3y Tpansucropa Ts. Hanpskénue
cMellieHus1, (HKcHpylomee paboupe TOUKH TPaH3HCTOpPOoB T
i Ty, mocrynaer Ha 6a3bl yepe3 CONPOTHBJEHHS Ry, H Ra;.
KoahdunuenT ycuneHHss 3TOH ceKuHH — OKoJo 3—4, ero
peryJHpyIOT NPH HACTPOHKE C MOMOIIBIO CONMPOTHBJIEHHS 00-
paTHOH CBSI3H Rg.

[TonyyeHHe HH3KOrO BBLIXOJHOTO CONPOTHBJEHHS CXeMbI
ycHaHTe 51 o6ecnedeHO TeM, YTO Ha BHIXOJE CEKIHH BKJIOYEH
SMHTTEPHHH NOBTOPHUTENb HA TpaH3ucrope T,. I1pu HacTpoiike
cxeMbl TpaHsuctopsl T,—Tg u T, HEOGXOXMMO TIIATEJbHO
nofo6parb. Tpausuecropu T, ¥ T, NOMKHBEL 06/1a4aTh OXHHA-
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KOBbIMH [apaMeTpaMM [0 HOMHMHaJbHOMY KO3(DpHIHEHTY
myMa H oOpaTHOMY TOKY KOJJIeKTopa; TpaH3uctop T3 NOA-
6HpAaIOT 110 3THUM XKe NmapaMerpaM, HO OH MOXKeT ObiTb H He
NapHeIM; y TpaH3ucropa 7', 3HaueHHe TPAaHHYHOH YacTOTHI
JIO/IKHO OBITb HaMBBICILIHM.

YCHANTENH C PerucTpaTopaMH

OnpefiensiTh 4acTOTy CJeJOBAaHHS HMOYJIbCOB MOKHO
IByMs crioco6aMu. IlepBrifi 3aK/ioyaercs B cueTe U 3alIOMHHA-
HMK KaXJOro MMNyJibca M B MOCJefyiolleM JeJeHHH De3y.lb-
TaTra, MOKa3aHHOTO CYETYHKOM, Ha BpeMsi perHcrpauud. Ilpu
BTOpoM criocofe npuOOp HEMOCPeACTBEHHO MOKa3bIBaeT

Puc. 41. "BbiCOKOUYBCTBHTE/bHBEI HHTEHCHMETp.

CPELHIOI0 YaCTOTy CJeNOBaHUs HMNYJBCOB B J0GOH MOMEHT
u3MepeHusi. YcTpolicTBa, H3Mepsiolife CPEXHIO CKOPOCTb
CJIeOBAHUSl HMNYJIbCOB, HA3bBAIOTCI M HTEHCHMET -
pamu.

BhICOKOUYBCTBHTE/ILHOE YCTPOHCTBO 3TOrO poja H3o6pa-
xeHo Ha pHuc. 41 [JI. 32]. [Inanason u3MepseMBIX CKOpOCTeli
cueta — ot 0 go 10 000 MMnyJbcOB B CeKyHAy — pasbur
Ha TpY mojidanasoHa B orHoweHuu: 1 : 10 : 100. Murence-
MeTp HOpMaJbHO paboTaeT MpH Mojaue Ha ero BXOA OTpHIa-
TeJIbHBIX MMIYJIbCOB C aMIJIMTYROH HanpsikeHHs ot 150 mg
10 3 6 u anutenpHocThio He MeHee 10 mxcex. Henuneiinocts
IIKaJbl perucTpupymouero npubopa He mnpeBbimaer +5%.
[TocrosHHasi BpeMeHH perucTpupywomero mnpubopa — He
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Gonee 2 cex. ITutasch HampsixeHHeM 8 @, cxeMa norpeb.sier
TOK He Bbille 10 ma.

OnucbiBaeMyio cXeMy MOXHO HCNOJIb30BAaTb C IPeABapH-
Te/bHBIM YCHJIHTEJeM HJH C JI0ObIM APYTHM YCTPOHCTBOM,
ec/M BXOJHOE CONPOTHBJEHHE HHTEHCHMeTpa COrJacoBaTh
C BBIXOAHBIM COTMPOTHBJIGHHEM JAaTYHKAa HMIYJbCOB.

Ha tpansucropax T, u T, co6paH xAymHil MyJIbTHBHOpa-
Top. Ecnu Her curHasa Ha BXoje MyJbTHBHOpaTopa, TO Ha
BLIXOJIe €ro TOXe Her cHrHana. Koraa Ha BXOJ HHTEHCHMeTpa
NOoCTynaeT HMOYJbCHBIH CHTHAJI, TPEBHIIAOMHA MO aMIIH-
TyZe mopor cpaGaTbiBaHHsS, YCTaHABJIHMBAeMHl NMPH MOMOILH
auona J1,, To Ha 6a3y TpaHsHcTopa T3 mocTynaer HMIYJbC.
AMniuTyga M JJIHTENBLHOCTb STOrO HMMIYyJbCa 3aBHCAT OT
napamerpoB MyJbTHBHOpaTopa. IIpH yKasaHHBIX HOMHHa/lax
JJIATeNILHOCTh HMIyJbca Ha 6a3e TpaHaucTopa T3 COCTaBHT
oKoJso 50 mkcex, a aMniuTyaa — ot 4 1o 5 8. Kackan Ha TpaH-
sucrope T3 cob6paH mo cXeMe SMHTTEPHOrO NOBTOpPHTEJS,
4TO YCKOpfieT mepesapsifi AO3HPYIOMHUX KOHIeHcaTopoB Cz—
C;. lo3upyiole eMKOCTH MOAK/IOYEHE! K nepekmouartesio 1,
C TMOMOIIBI0 KOTOPOT'O MOXKHO BHIOpATh HYXHHIHA MOAAHANA30H.
BrixoaHo#t kackan Ha TpaHsHctope T, coGpaH mo cxeme ¢ 06-
meii Oa3oifi. Takoe BK/OUEHHE TPaH3UCTOpa obecrneuHBaeT
pasjieleHHe IeNH HHTErPUPOBAHHsS, COCTOsIIEH H3 KOHJEH-
catopa Cq, cOnpoTHBJEHHSI R;,, MHKpOammepMeTpa H IenH
nepesapsiia JAosupymomux emkocreii. Tpausucrop T, ynpas-
Jsexcs no UenH sMuTTepa. UTo Kacaercss mnepesapsiia Jo-
3UPYIOIHX eMKOCTeH, TO Ha OJHOM (pPOHTE HMIyAbCa OH
MPOUCXOAUT Yepes AHOA [l,, a Ha APYroM — uyepe3 nepexo
smMuTTep—O6a3a.

[Mpn Hanagke cxeMsl HaHGOJBLIEr0O BHHMaHHS Tpebyer
yCcTaHOBKa mopora cpabatsiBaHus MyJibTHBHGpaTopa. dTa ore-
palHsi 3aKgdiouaercs B 1oA60pe CONPOTHBJIEHHH HeJIHTeNs
Ry—R,.

CxeMy MOXHO OTperyJHpoBaThb TaK, 4TO OHa Gynmer cpa-
6atbiBaTh NPH ONpeeJIeHHOM 3aJJaHHOM YPOBHE HarlipsiKeHHs
BXOAHOro ummnyJbca. OcrajibHble 3JIeMEeHThl cXeMbl B noabope,
KaK NpaBHJIO, He HYXJAAIOTCA.

Ha puc. 42 npuBeneHa cxeMa HMOYJBCHOTO YCHJIHTENs
C BKJIIOYEHHBIM Ha BBIXOZle 3JIEKTPOMeXaHHUECKHM CYETYHKOM
umnyascos [JI. 321.

Bxonxoe conporussienne ycuiautenas paBHo 0,5 xom. u-
HaMHYeCKHH IHanasoH BXOJAHBIX HMMyJibcoB — oT 1 5o 5 @
NPH MNOJIOXHTENbHOH MOJIIPHOCTH H JJIMTENBHOCTH He Me-
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Hee 10 mrcex. MakcHMajbpHasi CKOPOCTb CHeTa COCTABJSIET
2000 UMNYyJ/IbCOB B MHHYTY, NIPH 3TOM COCUHTHIBAETCS KaxKIblil
OJMHOYHBIH HMITYJbC.

[lorpemtHOCTL B CcYeTe 3aBHCHT OT DPACCTOSHHSI MeXAy
BXOIHRIMH HMNYyJbcaMH H JoctHraer +5%. Ilpu paGore or
TeHepaTopa MMILYJIbCOB HOTPEUIHOCTh He NMpeBhIlliaeT MOorpell-
HOCTH reHeparopa. Jlasi paboThl cXeMbl HeOOXONMMBbI JBa
YMCTOUHHUKA MNHTaHUs HanpsxkeHueM —8 u —30 8. MoxHO

Puc. 42. Ycuantenp ¢ 3/1eKTPOMEXaHHYECKHM CYETUYHKOM
HMITYJ1bCOB.

651710 OBl MHTaTh BClo cxemy oT —30 8, a —8 ¢ mosyuath Ha
JenuTeNle, HO 3TO HEIKOHOMHMYHO, TaK KaK BBHIXOAHOH KacKap,
paboTaeT B pekHMe KJioua H moTpebJsieT 1o TOKY HECKOJbKO
muanamnep. Ilorpe6GasieMelfi cxeMofi TOK OT HCTOUHHKA Ha-
npsiKeHUeM .—8 6 He mnpeBblaeT 3 Ma.

Ycuautenb MOXKHO NPUMEHSTh COBMECTHO C JHHEHHHIM
yCHJIHTe/IeEM, eCJIH CKOPOCTh CYeTa He NPEeBhIaeT MAaKCH-
manbHO gonyctumol. Ecau cKopocTh cuera BejdHKa, TO Ie-
pen cxeMolf yCTaHaBJHBAIOT AeJHTeNb. BK/IIOUMB Ha BXOje
CXeMbl SMHTTEPHBIH TOBTOPHTE/b, MOXKHO MOAABATh HMIMYJIbChI
NPaKTHUECKH OT jo6oro ycrpoiictBa. CXeMa coXpaHsieT pa-
‘60TOCNIOCOOHOCTD HPH H3MEHEHHH OKpYIKalolleH TeMrepaTypsl
or —10 mo +40°C. B KauecTBe 3/IEKTPOMeXaHHUECKOTO
cueTyHKa HCMOAB30BaH cueTydk Tuna MIC-54.
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CxeMa yCHJIHTENSI COCTOHT M3 XKIYLIEro MyJbTHBHOpaTOpa
Ha TpaH3HcTopax Ty U T, M BEIXOJHOTO KacKaja ¢ Harpy3kof
B KOJlJIeKTope Ha TpaH3ucTope T3 Bxomnolt mMmmy/nc uepes
KoHgeHcatop C,, muonx JI, ¥ KonzeHcarop C,; momaercsi Ha
6a3y HOPMaJbHO OTKPBITOrO TpaH3ucropa I ,. MynbTHBHOpa-
TOp cpabaThiBaeT, H ¢ KoJiekropa TpaHsHcropa T, Ha 6asy
TpaHsHcTopa T3 mocTynaeT cOpPMHPOBAHHLIA MO AMIJIHTYJE
H JJHUTeNbHOCTH OTPHLATENbHBI HMIOyJbc. AMIIHTYAA
UMIyJabca cOcTaBjser 3 6, a MJIHTeNbHOCTb — He MeHee
10 mrcex. UerKocTb 3amycKa 3JIEKTPOMEXaHHUECKOro cyeT-
YHKa BO BCEM JAHana3oHe CKOPOCTeH cueTa HMMyJ/bcoB obecre-
YyeHa TeM, YTO MexJy TpaHsucropamuH T, W T3 cymecTByer
HeroCpeACTBEHHAs CBS3b.

DeKTpOMeXaHHYeCKHH cueTyHK cpabaTbiBaeT NpH MPO-
XOXKJEHHH depe3 ero o6OMOTKY HMIyJbca TOKa OKOJIO 7 Ma.
B ycunutene MOXHO NpPHMEHSITh He TOJAbKO yKasaHHble Ha
cxeMe TpaH3uCTOpbl, HO M ApyrHe. Tak, BMecto 115, MoxHO
crasuth ¥ [114, I116, 113, a BMecto [126 nomycTHMO HCMOJb-
soBaTh [125 u [120. CxeMy HacTpaHMBaIOT OT reHepaTopa HM-
MyJbCOB, H €CJIH MyJbTHBHOpaTQp He cpabaThiBaeT HMJH cpa-
GaTbiBaeT HEUETKO, TO HeOOXOJHUMO CONpPOTHBAEHHS R; 4 R,
3aMEHHUTb MNePeMeHHBIMH H 10400paTh HX BeJHYHHBI TaK,
4yToObl 00ecreuuTh ueTKoe cpabaTeiBaHHe. MMmyJasc Ha KoJ-
Jekrope TpaH3ucropa T, GyHeT mpsMOyroJabHeIM. B cayuae
n710X0H paGoThl 3/JEKTPOMEXAHHUECKOrO CUeTUYHKA pPEeKOMeH-
ILyeTcs HM3MEeHHMTh BeJHUHHY cOmpoTHBIeHHs R, Ho, kak
NpPaBHJO, CXeMa HauMHaeT paboTaTb cpasy.

Ha puc. 43 -mokasaHa cxeMa HMMIYJbCHOTO YCHJHTENS
CO CTPENOYHBIM perucTpaTtopoM ckopoctd cdyera [JI. 331
BxopHoe conporuBieHHe ycuautenss — okoso 0,5 Mom. Pas-
petuaroiee BpeMs — 0T 8 10 10 mrcex. [InHaMMuecKHil nuana-
30H BXOAHBIX HUMIYJbcOB — OT 2 fo 20 me. OOwuii Ko3addu-
IIMEHT YCHJIEHHSI CXeMBl 10 TOKy cocraBiasier 20—25.
MakcumasibHast CKOpPoOCTb cyeTa He mnpeblmaer 5000 uM-
OyJbCOB B CEKYHAY. YCHJHTe/Ib [HTaeTCs  Hanpsxe-
HHeM 4,5 8 H notpebasier ToK B | ma. Cxema ycToiiuMBO pa-
6oTaer npH HM3MeHEHMH OKpYyXKalollefi TemMnepaTypel Ha
+20° C, mono/iHHTEbHASA TMOrPEIIHOCTb IIPH 3TOM He mpe-
Bbimaer +5%.

CxeMy MOXKHO HCIIOJb30BaTh HEMOCPEACTBEHHO ¢ (HOTOYM-
HOXHMTEJNeM HJH Ta30opa3psiHbIMH CYETYHKaMH, a TaKxke cO
BCAKHMHU JPYTrHMH JAaTYHKAMH HUMIYJbCOB, HMEIOMHMH BbICO-
KOe BLIXOJHOE CONpOTHBJEHHE.
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UmnyabcHbil  ycHAMTENb coOpaH Ha TpeX TPaH3HCTO-
pax T,—T3 c noBHILAIOWHM TPaHCHOPMATOPOM Ha BHIXOJE.
Jns npuIaHUs cXeMe BRICOKOTO BXOAHOTO CONPOTHBJIEHHS
nepsbiil Kackal Ha TpaHaHucTOope T, co6paH KaK SMHTTepHbIH
MOBTOPHTENb M OXBaueH CHJbLHBIMH OTpHIATeJbHBIMH o6part-
HBIMH CBSI3SIMH 10 TOKY. BTopo#i Kackan Ha tpaHaucrope T,
cobpaH Takxe MO cCXeMe SMHUTTepHOro noBTopHTenas. CBf3b
MeXJAy NepBbIM H BTOPHIM KacKajgaMH — eMkocTHasi. O6a
SMHTTEPHBIX MOBTOPHTENS B 06a30BbIX LEfISIX HMEIOT AENHTENH

A,
Str

Puc. 43. Ycuaurteap ¢ MHKpPOaMIepMeTPOM.

H3 conpoTuBJeHHi# R,—Rg H R;, R, npeiHasHaueHHble NJsi
crabuusanuu pabouell TOUKH TPAaH3HCTOPOB. TpeTHH KacKaj
Ha TpaHsuctope T BHIIOJIHEH MO cXeMe ¢ OOIHM 3MHTTEPOM.
B KkauecTBe Harpysk# B KOJJIEKTODHYIO Lelb BKJIOYEH IO-
BhILIAIOIHEA TpaHchOpMaTOp Ha (GepPUTOBOM KOJblle C HAPYXK-
HbIM guaMerpoM 17—20 mm. MarHMTHash DPOHHILAEMOCTb
paBHa 1000—2000. IlepBHuHasi 06MOTKa BHINOJHEHa H3 50—
60 BHTKOB NPOBOJIOKH AHaMeTpoM 0,2 mm, a BTOpHUHasl — H3
1000—1500 BuTkoB mpoBosokH avamerpoM 0,1—0,05 mm.
BeinpsiMieHHOe HanpsiKeHMe CHTHajla moctymaer Ha 06asy
tpansucropa T,. Kackag Ha 3TOM TpaH3HCTOpe ABJsETCA
BBIXOAHEIM H TNpeAcTaBJisieT co6OH YCHJHTENb MOCTOSTHHOTO
TOKa, COOPaHHBIA MO cXxeMe ¢ OOLIHM 3MHTTEPOM.
Peructpupyiomuft npubop (MukpoammnepMmerp Ha 50 mxa)
BKJIIOUEH B AHAroHajb MOCTa, 06pPa30BAHHOrO TPaH3HCTOPOM
C KOJIJIEKTOPHON Harpysko#ft H JejHTe]eM H3 CONpOTHBJEHHH -
R,3—R,5. Hyap npubopa ycraHaBJHBAIOT C NOMOIIBIO Nepe-
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MEHHBIX CONPOTHBJEHHH R,; H Ry;, a UyBCTBUTEJIbHOCTb pe-
T'YJHPYIOT CONPOTHBJIEHHEM R,,.

EcaM npu Hactpoiike cXeMbl BBISIBUTCS, YTO OHa HeJOCTa-
TOYHO YYBCTBHTE/NbHA, TO CJelyeT yMEHbIIHTb BEJHUYMHY CO-
OpOTHBJAEHUS Rj.

3AKJIOYEHHE

[Ipexk e ueM BOCIPOM3BOAHTD TPAH3HCTOPHYIO H3MEPHTEIb-
HYIO CXeMy, Hajlo co6paTh MaKeT H NMPOBEpPHThb ero B pabore.
Korpa HOMHHa/B! TOAGOPOYHBIX 3JIEMEHTOB YTOUHEHBI, MOXKHO
NEePEXONHTh K COCTABJNEHHIO 3CKH30B IJIaT H MOHTaXKHbIX
cxeMm. [IpH U3roTOBJIEHHH MOC/efHHX (a OHHM COBEpIIEHHO He-
06XOAHMbI) HYXKHO NPOM3BECTH TIIATENbHYIO Pa3MeTKy MOJ
KaXIpifl 3JleMeHT, coobpasysicb ¢ 3aflaHHBIMM rabapuTaMu
3JIEeMEHTOB H YHOGCTBOM HOCTyna K HUM. TOJIbKO mocJie H3ro-
TOBJIEHHS] 3CKH30B MOHTAXXHOH CXeMbl U MJAThl H BBbISICHEHHS
BOIIPOCAa O TOM, KaK mocjelHssi 6yJeT 3aKpenjieHa B Kopmyce
- mpubopa, MOXKHO MPHUCTYNHTh K MAaTePHaJbHOMY BOMJIOLIEHHIO
HU36paHHON CXEMBI.

[Ipu BeIGOpe HCTOUHHKA NMHUTaHUSI 0cO60e BHHMaHHe cJle-
AyeT oOpaTHTb Ha GUJbLTPH B LENSIX NMUTAHHSA, CTabUIH3ALHIO
U KOHTPOJIb HanpsiKeHUs. B ciyuae npuMeHeHus 6aTapeidHOro
MHUTAHUS JOCTATOYHO YCTAHOBUTH KOHJEHCATOPH GOJIBIION eM-
koctd (50—100 mx¢g) u Hebosbiuoe comporusienue (100—
200 om). Ecim Ttpebyercst BHICOKOSKOHOMHMYHAS CXeMa, TO
B Illenb MHTaHHSI MOXHO BKJ/IOYHTh NepeMeHHOe racsiiee
COTMPOTHBJIEHHEe NIJs1 YCTAHOBKH HOMHHAJbLHOT'O HAINpsKeHHs
MUTaHHSA C KOHTPOJIEM 1O cTpejoyHoMy npu6Gopy. Hakonen,
eCc/IH BeJIMUHMHA TOKa OT Garapell He urpaer 6oJbLIoH poJy,
TO cJieyeT HPUMeHHTb CTaGU/IM3aTOP HAa KPeMHHEBBIX AHOJAaX
UM TpaH3ucTOpax. Bo Bcex cayuasix' mocje racsimero co-
NPOTHBJEHUSI H crabuin3aropa HeoOXOAUMO BKJIOYHTb KOH-
JleHcatop GHAbTpA.

[TutaHHe OT ceTH JejaeT HeOOXOAHMMBIM HCIHOJb30OBaHHe
crabuIM3aTopa, Tak KaK KoJiebaHHs CeTeBOro HanpsiKeHHs
ObiBaIOT BecbMa 3HauMTedbHBIMH (0T +10 mo —20%). s
0co60 TOUHBIX H3MepeHHH HYKHO MeXAYy CTaGHIH3aTOpOM
HaNpSKEHUsT H U3MEPUTEJbHOH CXeMOH BKJ/I0YaTb CrJaKHBa-
oyl QUALTP Ha TpPaH3HCTOpaX.
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TexXHHYeCKHe fMaHHHE, IOMeLleHHBIE B TNDHJIOXKEHHH, 3aHMCTBOBaHB K3 KaTaJjora
«Hsorony (ATomu3pmaT, 1964). B mnpHJOKeHHe He BKJIOYEHH JaHHBle, ONyGJ/HKOBaH
cTtBa», ('ocoHeprousxar, Bum. 338 MaccoBo#t papnoGuGianorexH, 1959).
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