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(Ipencrasaena nayuubim cemunaponm HHWH 3H)

Jas ueneit npoMbILIJICHHOH Ae(EKTOCKONHH TPeGYeTCH MOJYYHTb MakK-
CHMAJbHYI0 MHTEHCHBHOCTb HM3JYy4eHHs, TOTJa KaK IPH NPOBENECHHU pasauy-
HOro pofa (PU3HYECKHX 3KCNEepPUMEHTOB HHOTAa GbiBaeT HEOGXOAUMO pabBo-
TaTb Ha TpeOYeMOM YDOBHe MHTEHCHBHOCTH H3JyYeHHs.

ABTOpHI mOCTaBH/IN 337a4y: paspaGoTaTh 3JEKTPOHHYIO aBTOMaTHYe-
CKYIO C/IelslUyI0 CHCTEMY, KOTOpasi no3Bo/s/a Gbl IKCOAYyaTHpPOBAThL Gerart-
por B 0060HMX ykasanHubix pexkuMax. OnHako o6écrnedeHue pexuMa paboThl
GeTaTpoHa ¢ MaKCHMAaJbHBIM BBIXOJOM HWHTEHCHBHOCTH H3JYUEHHS TeXHH-
YECKH TPYAHO BBINOJIHHMO BCJEICTBHE OCTPOH NMHUKOBOM CTATHYECKOH Xa-
PAKTEPHCTHKH OObeKTa peryJjHpoBaHusl.

3a/laun 3KCTPEMaJIbHOrO peryaupoOBaHHs CYIUECTBEHHO OTIMYAIOTCH
OT 3aj1ay OOBLIYHOTO pPery/aHpOBAHHs TEM, YTO HCKOMas BEJIMYHHA HEH3BECT-
Ha M Halepe] He 3a]aHa; C MOMOIUbIO CHCTEMbl aBTOMATHUECKOTO peryJu-

POBaHHsA 3Ta BCJAHYHUHA ONPEAEIAECTCST H Nnogaep>HBaeTcsa ¢ 3afJaHHOH TO4Y-
HOCTbIO.

Ha wurencuBnoCcT,  u3aydenns GeraTpona Bauser psg  (GakTopos,
YUYeCTb KOTOpble TPYAHO, & HHOTLJa NMPAaKTHUECKH HEBO3MOXKHO [3]. OCHOBHBI-
MH napaMeTpaMH, XapaKTepH3yIOIHMH YCKODPHTEGABHYK YCTAHOBKY, SIBJS-
IOTCA: HHAYKLMA B 3a30pe MexXAy TOAOCaMK — B, HalpsiKeHHe HHKeK-

UHH — U, , TOK cO ¢10sl — 1, , MOJIOKeHHe KaMephl B 3430pe MeXAy I0-
JIOCAMH MarHuTa, BaKyyM, pacrojioKeHdhe IHKOBOTo Tpaucdopmaropa H,
HaKOHell, (pasa reHEPAUNH MMIY/IbCA HIKEKUHH — .

AHann3 KCIePHMEHTAJIbHBIX 3aBUCHMOCTEH MOKA3BIBAET, YTO OCHOB-
HBIMH TapameTrpamu, ONPeAeNAtOULMH HHTEHCUBHOCTD H3JIVUYEHHH, SBJSIOT-
Csl HanpskeHHe W (asa uMnyJabca MHHxekUuH. OO6llee BoipazKeHHe Agd

HHTEHCUBHOCTH H3JAYUYCHHS C yY4e€TOoM TOJbKO 3THX ABYX napamMeTpoOBR HMeeT
BHA

I = flu,, ). ()

VceaesyeM BO3MOMKHOCTE SKCTPEMANBLHOTO PEryJAHPOBAHAS HHTEHCHE-
HOCTH H3/ly4yeHHS 6eTaTpoHa, T. €. TaKOTO pPeryJHpOBaHUS, KOTLIA aBTO-
MATHHECKH ONPENeAI0TCA 3HAU€HUs NapaMeTPOB ¢, H I, NPH KOTOPHIX
HHTEHCHBHOCTL H3AYUEHHS JAOCTHIA€T MAKCHMAJAbHO BO3MOMHOLO 3HAUEHHUHA
Ipu TIpOUHX paBHHIX yc/a0BUAX. [lpexie uem pewars Takyo 3agauy,
HEOOXOJAMMO NOKA3aTh HAIMUHE IKCTPEMYMOB [OJHOTO H/AM XOTH OBl uac-
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THYHOTO B paGoueM AHana3oHe M3MEHEHHH NapaMeTpPoB ¢ H U, YC/I0BHE
HaMuuusa sxcrpemyMa v ¢yukuuu / (¢, #,) 3anHiieTcs B BHAE

OI(CP. uu) -
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PaccMOTpuM BO3MOKHOCTL IKCTPEMA/IBHOIO Pery/aHPOBAaHHS 110 HAMps-
WKEHHIO HIKEKIHH.
CdyuraeMm, 4yTO

[ =i,V ta. (4)
Torna
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Tae Ky U Ky — HEKOTOpbIE NOCTOAHHBIEC.

M3 sbipaxenus (5) caeayer, 4To # (0 B paboyeM auHanasoue
: | =
U, C/1e/0BATEJbHO, CTABUTL ONTHMAJLHYIO 33144y PeryJiHpoOBaHHs MO AaH-
HOMY mapaMmeTpy HEBO3MOXHO, TaK KAaK YBeJn4YeHHe HHTEHCHBHOCTH H3JY -
YeHHs OrPaHHYHBAETCS NMPOOHBHBIM HANPSIKEHHEM HA HHIKEKTOpE.
JIpyraM mapaMeTpoM, N0 KOTOPOMY MOXHO OCYLIECTBHTb 3KCTpeMallb-
HOe peryapoBaHue, siBjasercsd (aszd HHXKEKLUHH 3JeKTPOHOB B YCKOPHTE/b-

Hylo kamepy [4]. 5
ITpu aaHHLIX BbIOPAaHHBIX Mapamerpax —bi obpaluaeTcs B HYJb MO
©

KpailHeit Mepe B OJHON TOuKe B pa6ouem JAuanasoHe H3MeHeHHs (a3 ot O
0 ©max. B 3aBHCHMOCTH OT COOTHOMIEHUH pA3JHYHBIX [apaMeTpoB YCKO-
pUTENbHOMl YCTAHOBKH BO3MOXHbBI 1Ba MM 00Jee MaKCHUMyMa HMHTEHCUB-
HOCTH M3Jy4YeHHs, NO3TOMY NOHCK IVaBHOIO 3KCTPEeMyMa ILenaecoobpasHee
-OCYUIECTBJSITE METOJIOM 3aMOMHHAHMA, MTOCKOABLKY HCNOJAL30OBAHIE METOAA
rpafiieHTa B 3THX YCJIOBHAX 3aTPYIHHUTE/bHO.
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o Puc. 1. Baox-cxeMa 3KCTpeMaJbHOTO peryasrtopa.

Biok-cxema peryJasitopa € 3aMOMHHAHHEM 3KCTPEMYMa npelcTaBieHa
Ha puc. 1, rme:

[ — 1aTudk wu3JaydYeHHs: | — HOHH3alLMOHHAST KaMepa ¢ PEHTreHOMET-
‘pom «KakTyc»; 2 -— yCHAUTeIbHOE VCTPOHCTBO A 1npeobpasoBaHHs M10-
CTOSIHHOTO HamnpsizKEHHA CHTHAJa B BHICOKOUACTOTHOE HalpsiKeHHe.
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Il — AByXKaHaJdbHOEe YCTPOHCTBO MpeoGpasoBaHus HHQOpMauuH: 3 —
VCHIUTEb MEPEMEHHOT0 TOKa C TIHKOBBIMH JETeKTOpaMi; 4 — HHTErpaTophl;
O — CXeMa CpaBHeHHs; 6 — cXeMa MOHCKa H cjekeHHst; 7—8 — yCTpoiicTBO
ONepaTUBHOH NaMsATH.

I — xanan cHHXpoHM3aUMH: 9 —MOAYASTOP MOKHTAOIUX HMIIY.Ib-
coB; 10— cxemMa WHKEKIHH.

IV — o6bexkr peryauposanus — GeTaTpoH.

HNatuux usnyuenus — [ cAyKUT A NpeobpPasoBAHHA HMIYJALCOB H3-
JYY€HHST B BEICOKOYACTOTHOE HANPSAKEHHE, aMIIUTyAa KOTOPOTO MpPOMop-
HHOHAJbHA UHTEHCHBHOCTH H3JYUeHHs.

JByxKaHanbHOE yCTpOkcTBO npeoGpasosanus uapopmaunu — 11 npea-
Ha3HaAyeHo A o6pabOTKH MHMOPMALWH, MOCTYIAIOLWIei N0 KaHadaaM, U Bbl-
JeJieHust CHrHala OWMGKH, YNPaBJASIOUIETO LENAMH CHHXPOHH3ALMH,

Kanan cuEXpoHHM3auu# CJOYXUT A CHHXPOHH3AUHH 3NEKTPOHHOH yII-
,DaBJIAIOLIEH CXeMBl ¢ MAarHHTHBIM noJjeM GeraTpoHa. [IpuHUMm AelicTBHA
IKCTPEMYM-PETYIATOPa COCTOHT B CJAEAVIOLIEM,

Ilpu pabGote pery.nsitopa B pekKHMe IIOMCKA MAaKCHMAaJbHOrO 3HAUCHHA
WHTEHCHBHOCTH H3/YY€HHs HAnPsAKEHHA Ha BBIXOAAX HHKOBBEIX JIETEKTOPOR
TOYHO CJIEAYIOT 33 H3MEHEHHEM HHTeHCHBHOCTH H3Jy4eHHs, MpPHUEM CKO-
pOCTe HapacTaHHs HaNpPSKEHUS TEKYLLeH KOOPAHHATHL (MUK-AETEKTOp 4) Bbl-
e, YeM OMOpHOH (nuk-gerexkTop 4). Baarogaps sToMy noasprocTs curmana.
paccorsacoBaHus NpPH NPHHATOH (asupoBke AHMOEPEHUNANBHOTO VCHJIH-
Tedsl — 3 OcTaeTcsl OTpuilaTenbHO¥. TakuM 06pasoM, NBUKEHHE HMIY./Ibca
VHXKEKIHHY N0 ocH (a3 K MaKCUMYMY HHTEHCHBHOCTH H3JyYEHHS 3aMess-
eTCHd C POCTOM OTPHIATENLHOTO CHTHaJa PacCorJacoBaHHs.

Ilpy pocTHXKEHHM 3KCTpeMyMa oOmepaTUBHAS NAaMSTb OTK/IIOYAeTCH
(oneparuBHas nNaMaTh pearHpyeT TONBKO Ha H3MEHEHHe aMILIHTYAbl HMMy-
Jbca HHTEHCHBHOCTH W3JYYEHHS), BeIMUMHA CHFHAMA pPaccOl/IacORaHHs
YMEHDBLIAGTCA, TEM CaMbIM H3MEHHS CKODOCTh CKAHHMPOBAHUS HMIY.JbCa
MHXKEeKLUHH 1o ocH (Paa.

Kackan ckanupoBanua (IIOMCK) [EPEBOAHTCA B PeXKHM  YCH/INTEJS
HOCTOSHHOrO TOKa € ME/JIGHHO MEHSIOIUMMCS BBIXOJAHBIM HAOPHAKEHHEM,
B pesy/abTaTe 4Yero (asa MMIYJbca HHIKEKUHH KoaeGJeTcs BOKPYr 3KCTpe-
myMa (f1).

/K‘(//mm, ed.

- ¢

Puc. 2. Tpadux uameneHHs] HanpSKeHU[l HAa HHTEFPATOPAX TeKyllell
H OMOpPHOH KOODPIHHAT.

B caydyae Pe3KOro yMEHbIHEHHS HHTCHCHBHOCTH U3JYUEHUS, Hanpumep,
BCJAEIOCTBHE DPE3KOro YBEJNHUCHHUS HANPSIXKCHHH HAa Maraure, HanpsiKeHue
HHTErpdTopa OHOpHOﬁ KOOpAMEATBl OCTA€TCd TpPAKTHUYECKHU [OCTOAHHBIM,
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TOTJa Kak Ha HHTerpartope TeKyilled KOOpAWHATBI OHO Pe3KO YMeHbLIAeTCHd
(f2). Curnas paccorjiacoBaHusi IPH 3TOM CTAHOBHTCH IOJOXKHTEAbHBIM,
H UMTYJIbC HHXKEKIHH NepeMEeUIaeTCa C YBeJHYEHHOH CKOpPOCTBIO B CTOPOHY
YMEHbLUEHHS BeJHYHHbI (pa3bl.

AnanoruyHbii npouecc HaGJMI0AaeTCH NP YMEHDbIIEHHH HAMNPSAKEHHS
NUTAOILEH CeTH. DMIOPbl HANMPsXKeHHH Ha HHTErParopax TeKYIied U Onop-
HO{l KOOPAMHAT W/LMIOCTPHPYIOTCA rpaukaMu puc. 2, rae: 1 — HanpsxkeHie
Ha HHTErpaTope ONMOPHOH KOODAMHATHI, 2 — HANpAMKEHHe Ha HHTerparope
TeKylleH KOOpAHHATHL.

HM3MeHenns HanpsA:KeHUR Ha MHTErpaTopax TeKylUled H ONOPHOH KO-
OpAMHAT B MOMEHT BpeMeHH {? COOTBETCTBYIOT TaKOMY YBEIHUEHMIO HAIl-
pAXEHHs Ha MarHuTe, NMPUH KOTOPOM HHTEHCHBHOCTb H3JY4YeHHs najaer
A0 HYJA.

MomeHT BpeMeHH f3 COOTBETCTBYeT 3HA4YE€HHI0 WHTEHCHBHOCTH H3Jyye-
HUSI IPH HOBOM YCTAHOBHBIUEMCH HaNPSXKEHWH HAa Maruurte. DMIOpPbl HANps-
JKEHHH B MOMEHT BpPeMeHH [y COOTBETCTBYIOT I[IOHHXKEHHOMY HAaMpPAKEHHIO
Ha MarHuTe OeTaTpoHna.

K Bonpocy o BbiGope CKOPOCTH CKaHHPOBAHHSA

'

ITpu mpoeKTHPOBAHHH IKCTPEMYM-pPETyAATOpa HEOOXOAHUMO ONpeAeaUTh
HAYaJbHYIO CKOPOCTb CKAHHUPOBAHHA HMNVJbCA HHXKEKIHH IPH JABHKEHHH
1ocaeiHero no ocH das.

I (esr) — 1 (94)
c = (CF t v K , (6)
t/crH - trc
TA€ ¢ — CKOPOCTh CKAHUPOBAHMA; Prx, Fx i1, Lk, Lx+1 — COOTBETCTBEHHO 3Ha-
YeHHA (asel HMNYJbCA HMHXKEKUHH H BpEMeHHOI‘O MHTEPBAIA MERKAY HM-
NyJibCaMH HHXEKIHH uepe3 NepHOJA MHTAIIEro HallpsXKeHHd.

O6o3Hauum uepe3 © pesuyuHy caBHra ¢asbl Ha OQHH HMIYJABC HH-

XKEKLHH

- ?K-{-l - ?’Ca (7)
TOorga HpHpaHLEHHe HHTE€HCUBHOCTH M3JY4YeHHS
AL(8) = I (3s1) — I (%), (®)

BridupaeM JHHEAHYIO PasBePTKY C IOCTOSHHON CKOPOCTBIO CKAHHPO-
BaHus, T. €. HENPEPBIBHBIM NPHHY/UTeAbHEIM H3MeHeHueM (Dasbl HMIYJbCa
uHxkexkuuH. Msa BBIDaKeHHA (8) caenyer, uTo MpupalleHue HHTEHCUBHOCTH
M31yUYeHUA HA KAKABIH MMOYJIBC HHXEKUHH IIOCTOSHHOH AaMILIHTYIBl fAB:

Jasgetca (pyHkuueit 3 mepeMeHHBIX
Al = [ (3, 1, ©), (9)

AImaX:maXf(c?M 17(_))’ (10)

rae A /lmay — MakCUMa/JbHOE 3HAaUY€HHe NPHPALIeHHS MHTEHCHBHOCTH H3JAY-
YeHHA MEXAY JABYMsS HMIYJAbCAMU HHXKEKIHH.

M3 3kcnepuMeHTa/bHO IOJYUEHHBIX XapakTepucTtuk 1 = f(e,) nas
JIaHHOTO YCKODHTeJas BbOHpaeM B 00JACTH PaCOOJIOXKEHHA FJIABHOrQ 3KCT-
peMyMa TOYKH @, C HauOOJbIIEHd NPOU3BOLHOIL.

B sroit obaacTu

Almax > €, (11)

rie € — BeJMuYWHAa, PaBHAs OOIPEHIHOCTH M3MepPHTEJbHOrO npudopa.
B KoHKpeTHOH peann3auuu peryJasaTopa B KauyeCTBE H3IMEDUTENbHOTO
VCTpOfiCTBA HCMO/B30BaH penTreHometp ,KakTyc“, nOrpemHoCTb KOTO-
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poro 10%. Takum 00pa3oM, B 064aCTH IJdBHOTO MaKCHMyMa Ha KpHBOi}
puc. 3 orkaanbiBaeM ydacToK 0,1 [max MO OCH OpAMHAT H, MPOEKTUPYS
TOYKH Ha OCb (a3, MojyuaeM MakCHMaabHOoe 3HaueHHe O

J omu ed.
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Puc. 3. 3aBHCHMOCTE HHTEHCHBHOCTH H3Jyue-
HUsa GeTaTpoHa OT a3kl HHIKEKIMH.

Ec/H yuecTr BO3MOXHBIC JOCTHXKHMBIE HANPSOHKEHHS HA HHIKEKTOpE,
7O 1151 J1aHHOTO YCKOPUTEJS 1MEeM 3HAUCHHE — Omax, IHPH 3ITOM BpeMS
NOJHOTO nmpobera BCeX BO3MOXKHBIX 3HaueHud dha3 0T 0 40 ¢max COCTABASLET

, (12)
rie 7 — nepHoj NOBTOPEHHS HMIYJbCOB HHXEKIHM.

JKCTPEMYM-DEry/ISTOp C HENPEPBIBHBIM NPHHYAHTENbHbIM H3MeHEHHEeM
(dasel UMIyTbCca MHIKEKIHH C 3aNOMHHAHHEM MaKCUMaJbHOTO 3HAYEHHS
HHTCHCHBHOCTH H3/JyYeHHsA OblJl MPpOBepeH Ha O6eTaTpoHaxX ¢ MaKCUMAaJbHOII
SHEPTHeH YCKOPEHHBIX 37eKTpoHOB 15 1 30 Mas. PesyabraThl sKcnepuMen-
TaJbHOH NPOBEPKH OKAa3aJIiCh HECKOJbKO HEOXKHMIAHHBIMH: DEryJ/siTop
C «ONEepaTHBHOH MaMATbIO» NOAAEPIKHBAJ HHTEHCHBHOCTb H3JYUeHUS, Gojee
4eM B 2 pasa MPEBOCXOAANIYIO 3HAueHHe, JOCTHXKHAMOE NpPH PYYHOH MOACT-
poitke HMMMYJbCa MHXKEKUWH Ha ONTHMAJbHOe 3HAYCHHe IPH NPOUHX paB-
HBIX YC/IoBUAX. KosdhuunenT cnajansis MarHHTHOTO 110JS B OMBITE COCTaB-
Jsaa 0,68.

ODNeKTPOHHBIE CXeMBbl JBYX BapHaHTOB 3KCTPEMYM-DEryaaToOpoB, HX
O0CYJKAGHHE W DEe3yJbTaThl 3KCIEPHMEHTANbHBIX MCCAELOBAHHIT OYAVT 7a-
HBl B CAEAYIOIHX paboTax.

t: ?max 'T

max
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