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JlaGopaTopHasi padoTa Ha Temy:
METO/JA 30HANPOBAHUA CTAHOBJIEHUEM

MOJIS B BJIIMKHEN 30HE (3CB)
2002 r.

dusnueckne 0CHOBBLI MeTOJa 3O0HAUPOBAHUA CTAHOBJICHHEM I10JI51.

30HIUpPOBAaHUE CTAHOBJICHUEM TIOJII — METOJ AJICKTPOMArHUT-
HOTO 30HAMPOBAHUS, OCHOBAHHBIN HA U3YUYCHHHU NOJsI NEPEXOOHBIX NPO-
yeccos, KOTOpoe BO30YKIaeTcs B 3eMIIE TIPH UMITYJILCHOM MEPEKITIode-
HUM TOKA B UCTOYHHKE.

MCTOI[ 30HAUPOBAHUA CTAHOBJICHUEM IIOJII OTHOCHUTCA K MCTO-
JlaM C MCKYCCTBEHHBIM (KOHTpPOJIMPYEMBIM) MCTOYHHKOM. B KkadecTBe
UCTMOYHUKA MOTYT HCIIOJIB30BATHCS TOPU3OHTAIBHBIA AJICKTPUICCKUI
JIMITOJTb (3a3eMJICHHAsI dJICKTpUYecKas JuHUS AB) min BepTHKaIbHBINA
MarHMTHbIN Aunonb (He3azeMieHHas TokoBasd nerias Q). B kauectse
npuemMHUKa TAKXKe WCIIOJIB3YIOTCS OO0 3a3eMJICHHAs JJICKTpUYECcKas
muaus (MN), mu6o HezazemneHHas netis (q). B manHol 3amaye, kak B
Ka4yeCcTBE MCTOYHHMKA, TAK U B KAUECTBE MPUEMHHKA UCIIOJIb3YETCS TeT-
JIS1.

Jlnst BO3OYIKACHUS TOJIsL TEPEXOTHBIX MPOIIECCOB HEOOXOIUMO
CO3IIaTh UMNYIbCHOE NepeKiodeHue moka 6 numarowel (2enepamop-
Hoti) nemne. CTaHIAPTHBIMU UMNYIbCHOIMU CUSHATIAMU SBIISIFOTCSL:

1) KpaTkoBpeMeHHBIN HMITYJbC OCCKOHEYHO OONBIION aMIUIMTY/IBI,
onuceIBaeMblil O-¢pyHkiuen Jupaka;

It)= 10, t=0
oo, t=0
2) Hmnynbc BKITIOYEHHUS, OMUCHIBAEMbIN G-(pyHKIMEH X BUCaNHIa;
IW=lo(t)= |0, t <0
Iy t >0
3) HmmynbC BBIKIIOUYEHUS, OMMMCHIBAEMBIN G-(QyHKIIMEH X BUCaNa;
1()=Iy(1-011)= Iy, t <0
0,t>0
. 4 Uctounnx

CozaTth  TOKOBBIN Puc.1.
UMITYJIbC, KOTOPBIA yIOB- I
JIETBOPUTENIBHO OIHCHIBA-
eTcst O-pyHkuuen Jupaka,
CIOXHO, TOXTOMY  Ha
NpakTUKe OOBIYHO  WC-
MONB3YIOT  CTYNEHYaToe
BO30YKIICHHE TTOJISI.

IIpy MraOBEHHOM
NEPEKIIIOUEHNN CUJIBI TOKA
B MHUTAIOLIEH netie (B 4a-
CTHOCTU NPU MTHOBEHHOM
BBIKJTIOYEHUU TOKa) H3Me- t, MKC
psAeMoe B IIPUEMHOM IETIIE 0 4 8§ =
HaNpsDKEHUE CcrajgaeT o
HYJI1 HE MTHOBEHHO, a MOCTEIEHHO HCYE3aeT, U3MEHSACH JIOCTATOYHO
CIIOXHBIM 00pa3om (puc.l ).

t, MKC
>
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OT0 00BACHAETCS TEM, YTO B MOMEHT BBIKIIOUEHUS TOKA B IIPO-
BOAALIMX 00JacTAX paszpe3a MHIYLHUPYIOTCS BTOPUYHBIE TOKHU (pHC.2).
IlepeMeHHOE MarHMTHOE I10JI€ BTOPUYHBIX TOKOB MHIYLUPYET B MpPH-

emuoii nerie (q) OC, obo3nauaemyro &,. [lpuuem D/IC B mpuemHoit
NeTse IPONOPIHOHATIBHO CKOPOCTH N3MEHEHUSI MATHUTHOTO TIOTOKA.

U,|=|&,|~-00/a

B HavanpHBI MOMEHT BpEMEHM (Ha MajbIX BPEMEHaxX HU3Mepe-
HUS [I0CTIE NEPEKIII0YEHUs TOKa B IUTAIOUIEH MeTie), BTOPUYHbIE TOKU
pacnpenensoTcsl B IPUIIOBEPXHOCTHON YacTu paspesa. 3aTeM, ¢ Tede-
HUEM BpEMEHH, (Ha OOJIBIIMX BPEMEHAX U3MEPEHMs IOCIIE EPEKITIoYe-
HUS TOKa B MTUTAIOLICH MeTiie) TOKK HauWHAIOT MPOHUKATh B OoJiee Tiry-
OoKue ciIoM, 3aTyXas ¢ yJaJleHueM OT UCTOYHUKA. DTOT MPOLECC HOCUT
Ha3BaHWUE CMAHOGNEHUs NOJA 6 3eMle, 3 3aBUCUMOCTb HaIPSDKEHUS B
U3MEPUTENIBHOM MeTNie OT BPEMEHH, MPOLIEJIIEro ¢ MOMEHTa Iepe-
KIIIOYEHUS TOKa B MUTAIOIIEH TIETIIe, - KPUBOLU CIMAHOBIeHUs NOJIAL.

Takum oOpa3zom, riyOrMHA MPOHUKHOBEHUS MOJI MEPEXOAHBIX
IPOILIECCOB B 3€MIIIO OIIpe-
JIeNsieTcs BPEMEHEM, Ipo-
HIEJIIUM C MOMEHTa BbI-
KJIIOYEHHUS] TOKa B T'eHepa-
TOPHOH TeTae, KOTopoe
Ha3bIBACTCS BpeMeHeM 3a-
oepoicku WU 8peMeHeM
cmanoenenus. IT0 CBOUCT-
BO T03BOJIAET MPOBOJIUTH
30HAMPOBAHUS, u3yyJas
3aBUCUMOCTh ~ KOMIIOHEHT
M3MEPSEMOro 3JIEKTpoMar-
HUTHOTO TOJS OT BPEMEHH
Puc.2. 3aJIEPKKU.

IIpuemnas nepis] 11

r

reuepamopuaﬂ nemist

Bmoputn—tbze sUxXpesble MOK

TeopeTqucmle OCHOBBI M€TOAAa 30HAUPOBAHUA CTAHOBJICHUEM
ImoJid.

Pemenue 3a1aun 0 CTAHOBJICHUH TOJISI B OJJHOPOJHOM TOPU30H-
TaJdbHO CJIOMCTOM pa3pe3e ObUIO MOJIYYEHO Ha OCHOBE K8A3UCAUUO-
HApHOU MOOeNU pacnpoCcmpaHeHus S1eKmpomacHumnoz2o noas (T.e. 6e3
ydeTa TOKOB CMEIIICHUS B cUCTeMe ypaBHeHUI MakcBeruia). [lomyden-
HBIC AHAJTUTHYECKUE BBIPAKEHUS IJI HANPSDKEHHOCTH MarHUTHOTO U
AIIEKTPUYECKOTO TOJISI IEPEXOAHBIX MPOLIECCOB 3aBUCHT OT:

- paccTosiHUs OT MPUEMHHUKA 10 UICTOYHUKA (T);
- BpEMEHU CTaHOBJICHHUS (t);
- DJICKTPUUYECKUX CBOWCTB pa3pe3a (COMpPOTHBIICHHUE).

Paccmotpum emie oHy OCOOEHHOCTH IMpPOLIECCAa CTAHOBJICHMS
0JIsI, KOTOpasi OTHOCUTCSL K MEXAHU3M) pacnpocmpanerus nojis 6mo-
DUYHBIX MOKOS.

Jlist 5TOrO BBENEM TMOHITUE OIUMNCHEU U OdlbHell 30Hbl HeyCTa-
HOBMBIIETOCS] 3JIEKTPOMAarHUTHOTO MOJIL. DTO pas3fesieHue MpOu3BO-
JUTHCSA c MCIIOJIb30BAaHUEM napamerpa CTaHOBIICHUS

7=./2-7-10"- p-t 1 NPUBEJIEHHOTO PacCTOAHUS /T .

VcnoBue fnanbHei 30Hb : 1/7 >>1,

Ycrnoue OKHEN 30HBI © 7/7T << 1.
[Tocie MrHOBEHHOT'O MEPEKIIOYEHUSI TOKa B UCTOYHHKE BO30Y-
XKJIEHHE B KaX/1yI0 TOUKY Cpe/bl IIepeaeTcsl IByMsl CIIOCOOaMu:
1) Ilo BO3ayXy ¢ MTHOBEHHOW CKOPOCTBIO, O€3 MmOoryIomeHus (T.K. BO3-
nyx — uzonsatop). Ilpu 3Tom MexaHu3Me aMIUIMTyJa 1o yObIBaeT
C yJaJeHUEM OT MCTOYHMKA 32 CUET T'€OMETPHUYECKOTO 3aTyXaHUs.
[Tone ¢ mnockum (a30BBIM (POHTOM NPOHHMKAET BEPTHKAIBHO B
3eMJII0 OJJHOBPEMEHHO BO BCEX TOYKAaX, MO3TOMY MOKHO CUHUTATh,
YTO paclpocTpaHsieTcs MIIOCKOHEOAHOpoAHAs BonHa. Ha nocrarou-
HO OOJIBIIIOM PacCTOSIHUU OT UCTOYHMKA MIIM Ha OUY€Hb MAJbIX Bpe-
MEHaXx 3aIeP>KKHM ITOT MEXaHU3M SBIISIETCA MPE0OIaatoIHM.
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2) Ilo 3emie ¢ MOTIOMEHUEM U KOHEYHOM CKOPOCTHIO, OMIPEACIIIeMbI-
MU MPOBOJUMOCTBIO pa3pes3a. ITOT MEXaHU3M MOKHO OINUCATh Kak
npouecc 1upy3MoHHOTO pacpocTpaHEHHsI BTOPUYHBIX BUXPEBBIX
TOKOB, KOTOpbIE PAaBHOMEPHO PACIPEICISIIOTCA B MPOCTPAHCTBE C
Te4yeHueM BpeMeHHU. [Ipn 3TOM MHTEHCUBHOCTh BTOPUYHBIX BUXpE-
BBIX TOKOB C yJaJIeHUEM OT MCTOYHUKA yObIBaeT. HarmsimHbIM mipu-
MEpOM JTaHHOT'O MEXAaHU3Ma PACHPOCTPAHEHUS MOJS MOMKET CIIy-
YKUTh PACTBOPEHUE KAIUIM YEPHUI B BOJIE.

Taxum oOpa3om, JBe YacTU MOJS OKAa3bIBAIOTCS pPa3HECEHHBIMU
BO BPEMEHHM M IpOCTpaHcTBe. llepBhIli MEXaHHU3M pPacIpOCTpPaHEHUS
ABJISIETCSI ONMPEAEIISIIONIUM I JaldbHEH 30HBI, & BTOPOM MEXaHU3M —
JUTSL ONVKHEN 30HEL.

PaccmoTtpenue mosist cTaHOBIICHHSI B TaJIbHEH W OJMKHEH 30HAX
MO3BOJISIET CJEJNIATh Psi/I YIPOIICHH B popMyJiax AJisi HampsHKEHHOCTEH
MAarHuTHOTO M 3JIEKTPUYECKOTO NoJieh. [ 3TOoro nepexosaT K npene-
jam:

npu t—0 u r—»co, Ui JaTbHEH 30HBI
npu t—oo u r—( , 15a OMKHEN 30HBI.

Hcnonb3oBaHue ympoIeHHBIX (GOPMYIT 1aeT 3HAYUTEIIbHBIE Me-
TOJIMYECKUE MPEUMYIIECTBA, HO IIPU U3MEPEHHUAX HEOOXOIMMO J10CTa-
TOYHO TOYHO COOJIOAATH YCJIOBUS OMMKHEH W manpHed 30HBL [lpu
3TOM, HaJ0 YUYUTHIBATh, YTO HEKOTOPHIE AUANIA30HBI BPEMEH U PacCTOsI-
HUW TIOMA/al0T Ha MPOMEXKYTOUHYIO 30HY, TJI€ UCIOJIb30BAaHUE IPHU-
OJIMKEHU JTaTbHEN U OJIMKHEH 30H SIBIISIETCS] HEKOPPEKTHBIM.

3agauu, pemraemsblie MetogoMm 3CH, npeumyuiecTBa MeToAa.

Merto/ 30HIUPOBAaHUS CTAHOBJICHUEM MO B OJIDKHEH 30HE Ha
CETONHSAIIHUN JECHb C YCIIEXOM NPUMEHSETCS JJIS PEeIICHUs CIEHyIo-
KX 33/1a49:

V' TIOWCK PY/HBIX TEI,

v’ THUIPOTEOJOTHYCCKHE UCCIIEIOBAHNS,

v/ Te0JIOro-CTPYKTYPHBIC HCCIICIOBAHHUSL.
OcHoBHbIe TpeuMyiecTBa Metoaa 3Ch:

OoubiIast rIyOUHHOCTB;

BBICOKAs CTALHOCTD MOIy4aeMOTro pa3pesa;

TOYHAsI IPUBSI3KA «TOYKU 3aITUCH»;

BBICOKAsl IPONU3BOUTEIBHOCTh paboT;

XOpoIasi TOMEX0YCTOWIHBOCTb.

NNANENENRN

YcranoBku, ucnojb3dyembie B 3Ch.

[Tpu moneBwix paborax merogoM 3CH 00bIYHO TPUMEHSIOTCA
yctaHoBKH «AB-metns» (AB-q) u «merng-nemsiy (Q-q). YacTHeIMU
Clly4assMd yCTaHOBKHM (Q-q SIBJISIOTCSA: YCTaHOBKA «IIE€TJISA B TETIE» C
COOCHBIMH TETJISIMU (pHC. 3), YCTAHOBKA C COBMEUICHHBIMHA TPUEMHOMN

U TEHEPATOPHOW METIIAMH, OJI- renepatophas nets (Q)

HOIleTJIeBasi ycTaHOBKa. Bce L :

pa3HOBI/IHHOCTI/I yCTaHOBKI/I Q_q LEHTP YCTAHOBKH - TOUKA 3aIUCH §§

HIMPOKO PACIpOCTPAHEHBI M3-3a \@ 2

BBICOKOW ITPOU3BOJUTEIBHOCTH = 4
(2]

paboT, JIOKATLHOCTH HCCIIE0- [ )
=

BAHUM W OIPEACIICHHOCTU Me-
CTOHAXOXJACHUS «TOYKH 3aIlh-
CH», TO €CTh TOYKH 3€MHOU I10-
BEPXHOCTH, K KOTOPOH OTHOCSIT-
Csl pe3yJIbTaThl U3MEPEHUM.

u3MepuTeIbHas neTs (q)

Puc. 3. Cxema ycTaHOBKH “TIETIIA B IIETIIE .
y
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Ocob6ennoctu annaparypsl 3CBb.

K ammapatype, npuMeHsIeMO# Isl U3MEPEHHSI CTAHOBJICHUS T10-
sl B ONMOKHEH 30HE, PEIBSIBISIOTCS CIEAYIONNE TPSOOBAHNUS:

v/ QoNBHION JUHAMUYECKHH [Uama30H, CBA3aHHBIA C HEOOXOIMMO-
CTBIO U3MEPEHUS CUTHAJIA, PA3INYaIOIErocs Ha 5-6 MOPSAKOB;

v/ Gonbllasg YyBCTBUTEILHOCTH U IIOMEXOYCTOMYMBOCTH, TaK Kak
yJIy4dlIeHue JIeTaJbHOCTH W MPOU3BOAUTEIBHOCTH paboT METOa0M
3CB cBsizZaHO C yMEHBIIEHHWEM pPa3MEpOB NETENb, a 3HAYUT U C
YMEHBIIEHUEM YPOBHS U3MEPSIEMOI0 CUTHAIA.

Annaparypa TEM-FAST 48.

B nanHoii nmaGopaTopHoil paboTe HpenoCTaBIETCS BO3MOXK-
HOCTh O3HakomuieHus ¢ ammaparypoit TEM-FAST (mpousBoautens —
kommanust AEMR 1td.).

Yerpoiicteo TEM-FAST 48.

Amnmapatypssiii koMmiuiekc TEM-FAST Bkitouaet B ce0s:
v’ reHeparop OJHOMOISAPHBIX MPSIMOYTOJILHBIX HMITYJILCOB;
v U3MEpHTENbHBII 00K, 00€CIEYMBAOLINI PErMCTPALIMIO CUTHAJIOB;
v/ yIpaBIsOIIHiA OJIOK;

I'EHEPATOP —

A A

BBIXO]I

N3MEPUTEJIb-
HBIA BJIOK @

\ A 4

BJIOK
YITPABJIEHU A
afl
<
KOMIIBIOTEP

BXO/I

Puc. 4. bnok-cxema TEM-FAST 48.

v BHYTPEHHUI UCTOYHUK muTanus 12B.
Bce yctpoiictBa coOpanbl B ogHOM Kopmyce. Ha pucynke 4 moka3aHa
cxema TEM-FAST.

I'enepaTop BbIpabaThIBa€T MPSIMOYTOJIbHBIE OJHOIMONSIPHBIE
UMITYJIbCHI TOKA, KOTOPBIE IPOIYCKAIOTCS Yepe3 TeHEPaTOPHYIO METITIO.
CootHomenne umimynbc/maysa = 3/1 (puc. 5), yTo obecrieunBaeT Mu-
HUMAJIBHYIO TIOTPEIIHOCTh, BBI3BAaHHYIO HAIOKCHHEM TEPEXOTHBIX
MIPOLIECCOB OT (PpPOHTA BKIIIOUEHUS U BBIKIIOYEHHS] TOKa B T€HEPaTop-
HOU MEeTJIE.

Cnez[yeT ot JFBH AI/IMH}’HLC
METHUTh, YTO HJICANTh- naysa
HBIH W  pealbHbIN
UMIYJIC TOKA OTJIH-
YyaloTCs, TaK Kak B

NENCTBUTENHHOCTHU

HEepHOA
CIICI0BAHUS
HMITYJIbCOB

.
>

HETJISl TPENCTaBIseT <+ —p> BpeMA
€000 HHEPIIMOHHYIO % %

AIEKTPUYECKYIO CHC-
TeMy. B MOMEHT BbI-
KIJIFOUECHHS TOKa
(Hambojee BaKHBIN
JUISL U3MEPEHUs MEePEXO/IHbIX MPOLECCOB) TOK B T€HEPATOPHOU MeTIie
PE3KO OTIMYASTCS OT MICATBHOTO, B CBSI3U C ATHM HaOImtomaeTcs (MHO-
I/1a IOBOJBHO CUJIbHOE) HCKAKEHUE PE3yJIbTaTOB U3MEHEHMS Ha MaJIbIX
BpPEMEHAX MOCJIE BHIKIIFOUEHHS TOKa.

Bo3MokHBIE TOKOBBIE PEKUMBI paObOTHI TeHepaTopa - 1A u 4A.
BenuunHa Toka yKa3bIBaeTCs YCIOBHO U 3aBUCUT OT COINPOTHBIICHUS
TeHepaTopHOM meTnu. B mpouecce n3MepeHns OCyILIECTBISETC U3Me-
peHue peaibHOW aMILTUTY/Abl TOKOBBIX UMITYJIbCOB, HA KOTOPYIO 3aTEM
Hopmupyetrca IJ1C B npueMHOM neTIie.

Puc. 5. UneanbHble OHONOMSPHBIE UMITYJIbChI TOKA,
MIOJJABAEMOTO B TEHEPATOPHYIO TIETITIO
C COOTHOIIICHAEM UMITYJbc/Tay3a = 3/1.
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OcHogHble mexHuuecKue XapaKkmepucmukuy.
- BpeMs BBIKJIIOYEHHS TOKOBOTO MMITyjbca OT 4 MKC (B 3aBUCUMOCTH
OT pa3MepOB METIN);
- aMIUIMTyJa TOKOBBIX UMITYJIbCOB OT 1 A;
- aKTUBHOE COMPOTHBIIEHHE HArpy3ku He 6osee 20 Om.
HN3mepuTenbHBINA 0JIOK COCTOUT U3:
> ycmpoucmea 3auumol 0m 8blCOK020 6x00H020 Hanpsixcenus (High
Voltage Protection i HVP): Ha manbIix BpeMeHax 3a1ep>KKH CHT-
HaJl B MPUEMHOW TETJIe MOXKET ObITh OY€Hb OOJNBIIMM U BBIXOAWTH
3a paMKU TWHAMUYECKOTro Jarna3oHa. Y CTPOMCTBO 3aIUTHI OT BbI-
COKOT'0 BXOJHOTO HaNpsKEHUS «TaCUT» MOCTyIAlollee Ha BXOJl Ha-
npsbkeaue. OHO MOXKET paboTaTh B TpEX pexkumax : 1. aBToMaTuue-
CKOTO OrpaHMYEHMs HanpspkeHus no yposHio 10 B, 2. 3amanHoro
OIepaTOpOM BpEMEHH 3alIUTHI (T.€. BBIOOPOM MHHHMAJIBLHOTO BpE-
MEHHU 3aJep’KKH, C KOTOPOTrO0 HAaYMHAETCS U3MEPEHUE KpUBOii), 3.
ABTOMATUYECKU 3aJJaHHOTO BPEMEHH 3alllUThl, ONPEAEIIEMOro pas-
MEpOM YCTAaHOBKH U CWJIOM TOKA B T€HEPATOPHOM IIETIIE.

S =
o SIE
25 =T E 2 =
X LS o o=
Eq m o mBR
ScE| | E9%5 S o =
P <X EE=S =8 5 < <
= 35| | SEsE == = & N T
o BRI ZRE. ®:<$ =gl <
Z TEIMEFEEINEEINMES =
= oYy a =@
» OS5 |sseB| [E7] |58 i
TRREEEEIRE g <
[_'ﬂql::
> = Q < =
) SHEI
CEZ >
= ¥

Puc. 6. biok-cxema usmepurensaoro 6noka TEM-FAST 48.

» MHOTOKaHAJILHOW CHCTEMBI CTPOOMPOBAHWS, WHTETPHUPOBAHUS H
XpaHEeHHUsl aHAJIOTOBOM MH(OPMALIUK, I1€ KaXAbI KaHaJl OTBEYaeT
armapaTypHO OINpPEAECICHHOMY BpeMeHU 3alepKKku. C ee MOMOIIbI0
IIPOMCXOJUT aHAJIOTOBOE HAKOIUIEHWE CUTHAJIA Ha Ka)XKIOM BPEMEHHU
3aaepxkku. B TEM-FAST kpuBasi cnaga, Xxapakrepusytoias nepe-
XOJHBIN TPOLECC, U3MEPSETCS C AOCTATOYHO YacThIM ILIAroM IO
BpeMeHaM 3ajiepkek (48 BpemeH oT 4 MKc 70 16 Mc);

» MyJIbTHIUIEKCOpA KaHAJIOB, KOTOPBIH IOCIE OKOHYAaHHUS MPOLIECCOB
AHAJIOTOBOTO HAKOIUICHMSI IMOCJIEN0BATEIBHO MOJKIIOYAET BBIXObI
Kaxkaoro kanajua xk AL

» aHaJIoro-IMQpoBOro Mpeodpa3oBaress, KOTOPLIA Mpeodpa3yeT aHa-
JIOTOBBIN CUTHAT B HM(POBOM KOJ U NEPEAaeT €ro B yIpaBJIsSOmni
OJI0K.

brok-cxema uzMeputensHOro 0J0Ka nMpeacTaBieHa Ha puc. 6.

BaxHoit npoGiieMoii mpy TeoPpU3NUECKUX U3MEPEHUAX pa3iiny-
HBIMH METOJIaMHU SIBJISIIOTCSl MPOMBILIUIEHHBIE MToMexu. bopbba ¢ mpo-
MBIIUICHHBIMH T[TOMEXaMH OCYIIECTBIISICTCS ABYMs CIIOCOOaMH —
¢bunbTpanueil ¥ HaKOIICHUEM.

[TepBbIii crioco0 aeT XOpoIIre pe3ynbTaThl, €CIM oMeXa Tap-
MOHHMYECKas U W3BECTHA €€ 4acToTa. Toraa curHai, MOCTYNAOMUNA Ha
BXOJ] U3MEPUTEIISA, IPOIYCKAETCS Yepe3 aHAIOTOBBINA Wi LIU(POBOIi (B
3aBUCUMOCTH OT OCOOCHHOCTEH ammapaTypbl) PEKEKTOPHBIA (PUIBTP,
HAaCTPOEHHBIN Ha YaCTOTy NOMEXHU. PeKEKTOPHBIM Ha3bIBaeTCs Y3KOMO-
JIOCHBIA (PUIIBTP, «BBIPE3AIONINI» OMPEIEICHHYIO YacTOTy. TeM caMbIM
noMexa mnopaasnserca. OqHaKko, MPUMEHEHHE MPOLEAYPhl (QUIbTPALUU
UCKaXkaeT (hOpMy CHTHAIa U Mbl HE MOXEM C JIOCTATOYHON TOYHOCTHIO
Y4eCTh 3TH U3MEHEHHUsS. DTO BHOCUT OOJIBIINE MOTPEIIHOCTU B PE3YJlb-
TaTbl WU3MEpPEHHM KpuBOMl cTaHoBJeHHSA. [losTomy B metome 3Cb
buIbTpaIys NPaKTUYECKU HE PUMEHSIETCS.

Brtopoii crioco6 60pb0bI ¢ TOMEXaMH, HAKOTUIEHHE, CBOAUTCS K
TOMY, YTO MBI IIOCBIJIAEM B T€HEPATOPHYIO METIIO0 HE OJAMHOYHBIN MM-
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MyJIbC TOKA ¥ MPOU3BOJUM M3MEPEHUS] KPUBOW CTAHOBIIEHUS TOJIS TO-

CJIe eT0 BBIKIIIOYCHHSI, a TTOCHUIAEM CEPUI0 UMITYJIHCOB U MOCIE KaxXI0-

ro U3 HUX Npou3BoguM u3MmepeHud. I[lokazano, 4To rapmoHuyeckas

rmoMexa MOAABJISICTCS HAWIYUYIIUM 00pa3oM eCii TMEepUuoJ MOBTOPEHUS

uMityabcoB T = (k+1/2)*Tyom, Tae k MOkeT npuaEMaTh 3HAYCHUS 0, 1,

2,3 uT.a., a Ty — nepuon nomexu. [TomoO6HEIM 00pa3oM MPON3BOANT-

Cs1 TIO/IaBJICHHE MPOMBINIIeHHON Tomexu B mpubope TEM-FAST 48.

OcHogHble mexHuuecKue XapaKkmepucmukuy.

- KOJINYECTBO aBTOMATHYECKU PETUCTPUPYEMBIX 3aJIEPHKEK - 48;

- MUHUMAaJIbHOE 3HaY€HHE BpeMeHU 3a1epkKu 4.06 MKc;

- MaKCUMajbHOE 3HaueHue BpemeHHu 3anepxku 15304 mxc (15
MC);

- nuHamMudecknil quamna3oHd 140 gb;

- 9yBCTBUTEIHHOCTh (MUHUMAIBHBIA PETUCTPUPYEMBIN CHUTHAN)
10° B (1 MxB);

- nojaBiieHue npombIuieHHbIX moMex (50 I'/60 I'm) He meHee
60 nb;

- u3Mmepsiembie BennuuHbl — DJIC/TOK, €TuHUIBI M3MEpPECHHS -
B/A;

- BpeMs U3MEpEeHusl eqUHUYHOM KpuBoil oT 10 cekyHn no 4 mu-
HyT 30 cexyHz;

- pazpsaaHocts AL 16 Out, paspemmenue 1 MxB.

Ynpasasomui 010K IpeJHa3HAueH AJs yNpPaBICHUS BCEMU
MporieccaMu U3MEPEHU U Tiepeaadeii HHPOPMaIUA B KOMIIBIOTED.

Ha nuueBoil manenu mpubopa HaXOAWUTCS TPU pa3bema, Ipo-
MapKUPOBAHHBIC:
Tr-Rec loops - MogK/IrOYEHNE ¢ TOMOIIBIO NIEPEXOAHUKA MTEPEIAOLIEN
Y IPUEMHOM NIETENb;
RS 232 — coequnenune ¢ COM noprom KOMIbIOTEPA;
Extern power — NOIKIIOYEHUE BHEIIHETO IHUTAHUSA — AKKYMYJIATOPOB
12 B unu 24 B, a takke 3apsaKa BHyTpeHHHX OaTapei.

VYmpasneaue TEM-FAST ocymectBisercs ¢ moboro IBM-
COBMECTHMOI'0 KOMIIBIOTEpA IIPU IIOMOILH CIIELUAIIBHON YIIPABIISIOLIEH
nporpammbl (TEM-48Win wmm TEM48Dos). [Ipu moseBsIx ucciemo-
BaHUSX IIETIECO00pa3HO UCTIOIB30BaTh KOMITBbIOTEP Kiacca NoteBook.

Oopadorka nanubix 3Ch.

O6pabotka manabix 3Ch 3akmiouaercs B mepecueTe MOTydYeH-
HBIX Ha Pa3JIMYHBIX BPEMEHAX 3aJIep’KKU 3HaueHUH npuBeneHHon IJ1C
B 3HAQUYEHHUS KaXYILErocs conpoTuBieHus. Kaxylieecs conpoTuBieHne

B Metoze 3Ch o6o3navaercs P.. [lepecuer npousBoaurcs no popmyse:
2

3
M, Qg™
P(O= ™| 20¥E(r)
rae Q u q — >pQeKTHBHbIC TUIOMAAN TEHEPATOPHOW M MPUEMHOM Tie-
Tenb (T.€. ¢ YIETOM KOITHYECTBA BUTKOB) — .M°, t — BPEMsI CTAHOBIICHHS —
¢, E(t) — npusenennas DIC — B/A, py=4*n*107 T'n/M — MarsHuTHas
MPOHHIIAEMOCTh BaKyyMa.
HanomuuMm, 4To rpaduKu KaXynierocs COnpOTUBICHUS CTPOSIT-
cs B bunorapudmuaeckom macmrade. [To ocu abeumce B metone 3Ch

MIPUHSTO OTKJIABIBATh TApamMeTp ~/2-7 -1 .
Metoab! nHTepnperanuu Kpusbix 3Cb.

Kak u B apyrux meronax snekrtpopaspeaku, B meroae 3Ch oc-
HOBHBIM MCETOAO0OM I/IHTepHpeTaL[I/II/I KpI/IBLIX 30HI[I/IpOBaHI/ISI ABIISACTCA
Meroa mombopa. Meroa mombopa 3akiItodaeTcs B IMOCIEIOBATEILHOM
W3MEHEHUHU TE€0RJIEKTPUIECKONW MOJIETH pa3pe3a U pacdere mpsiMor 3a-
Ja4u 711 Hee 70 TeX IMOp, IMOKa SKCIEPUMEHTAIbHAS M TEOPETHIECKas
KPUBBIC HE COBMANYT C TPeOyeMOil TOUHOCTHIO.
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OpHako CyLIecTBYIOT 0oJiee MPOCThIe METO/IbI, C MOMOIIBIO KO-
TOPBIX MOKHO OLICHUTh KOJIMYECTBEHHBIE MapamMeTpbl MOJEIU: CyM-
MapHYyI0 MOIIHOCTh 0 KpoBIU IpoBoaHukoB (H) u cymmaphyio mpo-
JOJIBHYIO TPOBOAUMOCTH /10 KPOBIHU U30JIATOpOB (S). Pacuer 3Tux mna-
paMeTpoB 71l YCTAHOBKH «IIETJIA B METJE» U JUIsl OHOMNETIIEBOI ycTa-
HOBKHU TIPOU3BOTUTCS 11O OPMYIIaM:

2.7t .
S=452.
\ prmin
H=360-/27 1, | P
,Tne +|2-m-t . — abcuucca MUHAMYMa KPUBOW Ka)KyIETOCs COMpO-
TUBJICHHUSI, & Pr min — €T0 OpJAKHATA (puUC.7).

P, OM*Mm
1.0E-3

1.0E-4

1.0E-5

p‘[ min

1 .OE_6 T T T T TTTT T T T T TTTT T T T T TTTT
1.0E-3 1.0E-2 V2% Tt i 1.0E+0
V2% ¥, !/

Puc. 7. Kpusas kaxyierocs conpotusieHus 3Cb.

Onucanue J1a60paTopHOi padoThI.

3amaueii JaHHOW pabOTHI SABISIETCS O3HAKOMIJICHHE C Pa3TUYHbBI-
mu mMetogukamu 3Cb n annapatypoit TEM-FAST 48.

Heo6xonumo mpoBecTy M3MEpEeHUs: KPUBOM CTaHOBIICHHS IOJS Ha
IIOBEPXHOCTU MOJENIM CPEeAbl C COOCHOM ABYXIIETIEBOM YCTaHOBKOH
«IIETJIs B NETJIE» U C OJHOIETIEBOM yCTAaHOBKOMW, MPOaHAIN3UPOBATH
Xapakrep paspesa, BuJ KpuBbix 3Cb M pOBECTH KOJIMYECTBEHHYIO MH-
TEPIPETALHIO TIOJYyYEHHBIX KPUBBIX.

B nmanHO#il paboTe MCMONB3YIOTCS MHOTOBUTKOBBIC METIH W3
MEIHOI0 ITPOBOAA, UMEIOIIHUE CIEAYIOINE TapaMeTpBbl:

oJlHOTIeTJIeBas — pa3Mep netmiu 4 cm*4 cMm, uncio BUTKOB 100;

JIByXTeTyieBass — pasmep reHeparopHoit meriu 10 cM*10 cwm,
YHUCI0 BUTKOB — 46, pazMep U3MEpUTENbHON neTnu 4 cM*4 cM, 4nciio
BUTKOB 35.

IHocienoBaTebHOCTD ONepanyii MPH BHINOJHEHUH PadoThI.

CO3/1aTh MOJIETTb B COOTBETCTBUH C BAIIIIM BaPHAHTOM.

MOJCOEAMHUTH MPUOOP K KOMITBIOTEPY U METIH K IpUoopy.

3. 3amycCTUTh porpamMmmy TEM48Dos.exe u3 KaTajora
C:A\TEM_FAST\. IIpu »ToM Ha dKpaHe BO3HUKAET TJIaBHOE OKHO
MporpamMMBbl, MOKa3aHHOE Ha pUCyHKe 8. TpeOyeTcs 3armoaHuTh BCe
MYHKTBI MEHIO, OITICAHHBIE HIKE.

Set name — UMs TOYKU 30HIUPOBAHUS. Bnucamo uepes mupe pazmepul

2eHepaAmopHOlL U UBMePUMENbHOU nemeib 8 cM, OYK8eHHOe 0003HAaAYe-

Hue Mooenu u Homep eapuanma ( Hanpumep : 4-4al).

Site name — Ha3BaHMe MIOLIAU, TPOPUIS WIK ONKKAUIIETO HACETICH-

HOTO TTyHKTa (MOYXHO HE 3arOJHSTB).

N —



3amaua 3Ch

3amaua 3Ch

«benmomy mymy» wnm ee uncrora kpatHa 50 I'm. Yemanosums napa-
memp Stack (IEITYOK JIEBOW KHONMKOW MBIIIK B TpeOyeMOM MecTe Mo-
JIOCKH) pasHvim 4-8.
Time Range — MakcuManbHOE BpEeMsI 3aJIEPKKH, HA KOTOPOM IIPOU3BO-
JATCS U3MEPEHUS. Yemanosums makcumanbrvim (16 mc).

Mento FUNCTIONS — TOOLS (puc. 9)

= TOOL'S COMFIGURATION & DIAGHOST

—

C |
Transmiter's current:

Industry noise's filter:

E OFF /1A/5 BHz /2ps TEH-FAST 438 20:47 [,
Site name | |
Remark lcurrent 1A |
LOOPS GONDITION LOOP LOGCATION
™ (n) ¥ [_o.0m
REC (m}) v 0.000
Deec™ "R Z
TIHE RAHGE
key: 1 Z E 4 k2 L T 8 3
ti|]'||:_l l_lS: b4 18 56 12 1024 2048 e 8192 16384
StElCE E nin =Tt T T T+ T T T T T T max
START | save | | Functions | | guit|

Puc. 8. I'maBrnoe okuo mporpammsl TEM48DOS.exe

Remark — npon3BosbHbI KOMMEHTapUid (MOKHO HE 3aIOJIHSTS).
LOOPS CONDITION — undopmanus o neTisax:

Tr — pasmep reHepaTOpHOU NETIH B M,

Rec — pa3mep uzmepuTensHOM METIIN B M,

Nyec“Ner — IPOU3BEJICHUE YUCIIA BUTKOB I€HEPATOPHOM METIIM Ha YHUCIIO
BUTKOB U3MEPUTEIIBHOMN METIN

_ 2
Ilocmasume >¢ppexmusnvie 3nauenus pasmepos nemens [, =" -n .

Stack — kon nudposoro Hakoruienus curnana (1-20). Kaxmoit enuxu-
e mapameTpa Stack cooTBeTCTByeT 5 IIMKIOB aHAJIOTOBOTO HAKOILIE-
HUs. YBeNWYeHHe HAKOIUICHHUs C MOMOIIbI0 mapamerpa Stack ymyura-
€T pe3yJbTaT U3MEPEHUs TOJILKO B TOM cllydae, Korja nomexa Ojau3ka K

Active serial port:

&=
=

High-voltage protection: Auto

W[ fl=k
=
o
=
™
=
|

Amplifier 2-leoops style: OFF

Screen color:

I
)
=
(=]
=

DIAGNOSTICS
| pata E(t)/1 | | Neise E(T) | | Real veltage |

Puc. 9. Okno TOOLS nporpammer TEM48DOS.exe

TRANSMITTER’S CURRENT — ncnosib3yeMblil TOKOBBIH PEXKUM.
Buiopamv moxk 1 A.

INDUSTRIAL NOISE’S FILTER — nepexitouatenb BEIUUHUHBI ITPO-
MbITIeHHON YacToThl: 50 I'11 (cTanmapTHAs MPOMBINIJICHHAS YacTOTa B
Poccun n HekoTophIX Apyrux crpaHax) win 60 I'n (crangapTHas mpo-
MbIieHHas gactota B CIIIA u HEKOTOpBIX APYTHX cTpaHax). Yemano-
eéums pasuvim 50 I'y.
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Puc. 10. Oxno PREVIEW DATA nporpammel TEM48DOS.exe
HIGH-VOLTAGE PROTECTION - HacTpoiika pexuma paboThl
YCTpPOICTBa 3aIMTHl OT BBICOKOTO BXOJHOIO HamlpsbKeHUs. Bwibpams
A6MOMAMUYECKULL PENHCUM.

AMPLIFIER FOR 2-LOOP STYLE — nepexitoueHue ycuiaeHus npu

pabote ¢ 2-neTaeBbIMU YCTaHOBKaMU. Ycmanosums « OFF».

Janee naxarueM «OK» (yCTaHOBUTH HacCTpOMKHU) BEPHYTHCS B

IJIaBHOE OKHO.

4. mpoBepuUTh BCE HACTPOMKHU — MapaMeTpbl METelb, BEIUUYUHY TOKa,
3HAYeHHWE YCTAHOBJIEHHON NPOMBIIIJIEHHONM YacTOThl (B JIEBOM
BEPXHEM YTJIy OKHA IPOrPaMMBI).

5. 3amycTuTh U3MepeHus, HaxxaB Ha KHONKY «START». IIpu stom B
IIPaBOM BEPXHEM YIJIy 3aropaeTcsi UHAUKATOP COCTOSHUS BHYTPEH-

HuX OaTapeil M HayMHAeT 3alOJHATHCS WHAMKATOP BBINOJHEHUS
npouecca (IIECOUHbIE Yachl).

6. Ilocie ycnemHoro u3mMepeHus: aBTOMaTUYECKU OTKPBIBAETCS OKHO
npocmotpa kpuBbix PREVIEW DATA, Bu1 KOTOpOro npeacras-
JieH Ha pucyHKe 10. 9T0 OKHO MOYKHO TaK»€ BbI3BaTh, HAXKaB KHOII-
k1 FUNCTIONS - PREVIEW DATA.

[IpenycMoTpeHsI ClenyIone OCHOBHbBIE (DYHKIUH:

o CMEHa peXuMa IPOCMOTpa KaXxylIerocs CONpOTUBICHUS U MIPU-
Benennou DJIC (knomka p(t) mwim E(t));
. B pexxuMe npocmotpa npuseaeHHol DJ[C BO3MOXKEH MPOCMOTP

IpaHUI] JIUHAMMYECKOI'O JHara3oHa Ha KaXJAOM BPEMEHH 3a/IepiKKU
(mepBasi KHOIIKA CJIEBA B IIPAaBOM YIJIy OKHA);

o IIPOCMOTp pazOpoca 3HaAUEeHUI (YeTBepTas KHOIKA clieBa B IIpa-
BOM yTJIy OKHA);
o OKHO Sets naeT MHPOpPMALUIO O KpUBBIX. I'padku MOXKHO OT-

KIF0YaTh W BKIIFOYATh IMIETYKOM JICBOW KHOIMKH MBIIIM HA COOTBETCT-

BYIOIIEH CTPOKE B OKHE Sets.

7. 3akpbiTh OKHO «PREVEIW DATA) u BEpHYThCS B IJIaBHOE OKHO.

8. TMoclie yCHEIIHOTO 3aBEepUIeHMs MpoIllecca MU3MEPEHUs CTaHOBUTCS
akTUBHOHN KHONKa «SAVE». CoxpaHuUTh pe3yJsibTaThl U3MEPEHUN B
daiin ¢ umedem br **.tem (** - Homep Opuraznsr). B daitn *.tem c
OJIHUM M TEM K€ UMEHEM I0CIIEA0BATENBHO 3aMCBIBAIOTCS BCE Pe-
3yJbTAaThl U3MEPEHUS JaHHOU OpUrabl.

. TIOBTOPUTH MYHKTHI 1-8 7151 ApyTruX Mozenei Baliero BapuaHTa.

10. mociie oKOHYaHUST BCEX M3MEPEHUN BBIUTH M3 MPOrpamMMbl (KHOIIKA
«QUITY).

11. PaccunTaTh KpHUBBIE KaXyIIEroCs COMPOTUBICHUS U TIOCTPOUTH HUX.
HanmomuanMm, 4T0 rpaduKu KaxKyIIerocsi COMPOTHBIICHUS CTPOSITCS B
omnorapudmudeckom Mmacmrade. [lo ocu abcmuce B metone 3Ch

MIPUHSTO OTKJIAJBIBATh TapamMeTp ~/2-7 ¢ .



3amaua 3Ch

3amaua 3Ch

12.

13.

JInst KpUBBIX, MOJYYEHHBIX C OJHOIETIECBOM yCTAaHOBKOHM (MOae
A ¥ B Bamero BapuanTa) 1o KOOpAHHaTaM MUHUMYMOB OIpefe-
muth napametpsl S U H. [lomyuyus S, paccuutarh MOIIHOCTH TPO-
BOJIHUKOB, CUMTAsi, YTO H3OJISATOPHI HE NAIOT MpupamieHus S (ux
yACIBHOE CONpPOTHBIICEHHE OeckoHeuHOo). Hamomuuaem, 4To cyMm-
MapHasi poI0JIbHasi TPOBOJUMOCTh OJTHOPOJHOTO CJIOS PACCUUTHI-
Baercs o dopmyne: S = h/p. YaenpbHOE€ CONPOTHUBIICHUE ATIOMU-
HUS, U3 KOTOPOTO CAENaHbl MPOBOISIINE CIIOM B MOJIETH, COCTaBIIsI-
er 2.5 10 Om*m.

CpaBHUTE MMOBEACHUE KPUBBIX KAXKYIIETOCS COMPOTHUBICHUS, TOTY-
YEHHBIX C OJHOIETIEBOM MU JABYXIIETJIECBOW yCTaHOBKaMH (MOJeH
C u D Bamero BapuanTa). B ueM OHU CXOXXHU M YeM OTIUYAIOTCA.
Uem BbI MOKETE OOBSICHUTH 3T PA3IAYUSL.

ITocne BeIMONIHEHNS PabOTHI (B IPYTOW JI€Hb, COTJIACOBAHHBIN C

npernojiaBaTeneM) Tpedyercst caaTh 3afady, T.e. OOBACHUTH MOJIy4eH-
Hble KpuBble 3Ch u mapameTpsl MoJeNH, MOTYUYEHHbIE B pe3yJIbTaTe X
uHTepnpetanuu. Kpome Toro, HemocpeACTBEHHO IMepe]] BBITOJTHEHUEM
paboThl, a Takke MpU €€ chade, Hy»KHO HPONTH cobeceloBaHHE IO
JTAHHOM pa3paboTKe.

[
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hd

Bomnpocs! k 3axaye.

®dusnuecKkue OCHOBBI METO/IA.

TeopeTnueckre OCHOBBI METOAA.

OcHoBHBIE 0cOOeHHOCTH anmnapatypsl 111 merona 3Ch. YcraHoBKH
metoza 3Cb.

OcHoBHble xapakTepuctuky annaparypsl TEM-FAST 48.

OO6nacTi IpUMEHEHHUsI METO/1a, PEelaeMble I€OJIOTUYECKUE 3ajauu,
BO3MOJKHBIE OIPaHHUYEHHUS.

AHanu3 NoJay4YeHHBIX pe3yIbTaToB.

2.
3.

Jluteparypa.

B.K. Xwmenesckoil. Dnekrpopassenka. M3a-B0 MOCKOBCKOro yHU-
Bepcurera, 1984 r.

M.C.KXnanoB. Dnexrpopasseaka. M., «<Henpay», 1986 r.
Onextpopa3Beaka. CripaBoyHuk reopusuka. Kuura nepsas.

M., «Henpa», 1989 r.



