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UMITYJbCHAA NOHU3ALIMOHHAS KAMEPA

Llenv pabomer: vzyvyeHue NPUHLIMIA JACHCTBUS U OCHOBHBIX
XapaKTepUCTHK (ammapaTypHoil (hOPMBI JIMHUH, SHEPTETUIECKOTO
paspelleHusi) UMIYJIbCHOM HOHU3AallMOHHOW Kamephl, paboTaro-
el B peXKUMe 3JIEKTPOHHOTO COOMpaHHSL.

BBEJIEHUE

MMirynbscHas MOHM3AUMOHHAS KaMepa — 3TO JETEKTOP, ACUCT-
BHE KOTOPOI'0 OCHOBAHO HA U3MEPEHUHU 3apsiJa, CO3JaBaEMOro 3a-
PSOKEHHBIMHU YaCTHIIAMU B €T0 pabodeM BemiecTse. ['a3oBast HOHU-
3allMOHHAs Kamepa MpeCTaBlsAeT cOOOW 3aMKHYThIH 00BEM, Ha-
MIOJIHEHHBIM pabOYMM BEIIECTBOM — I'a30M, KaK IPAaBHIIO — BJIEK-
TPOMOJIOKUTENIbHBIM, C Pa3MEIICHHbIMU B HEM JBYMs WJIM He-
CKOJIbKUMH 3JIEKTPOJIAMH Pa3InYHON KoHurypamuu. Mmmynbc-
HbIE MOHHM3AI[MOHHBIE KaMephl OOBIUHO MPUMEHSIOTCS AJSl peru-
CTpallii CHJIbHOMOHU3HUPYIOIINX, KOPOTKOIIPOOEKHBIX YACTHII.

B nannoii paboTe M3ydaroTcs XapaKTEPUCTHKU HMITYJIbCHON
MOHMU3AL[MOHHOM KaMepbl € IUIOCKMMM 3JEKTpoJamMHu. OKBHBa-
JICHTHAsI CXeMa BKJIOYEHHsI TAKOM KaMepbl IIPUBEEHa Ha puC. 1.

/d_\
1" i(t)
+ Ié-)—» _I> K YCI/IVJ'H/ITGJ'IIO
| liC lin
_.E._C R

O O
o 1

Puc.1. DkBuBaneHTHas cxeMa BKJIIOUEHHS UMITYJIbCHOI MOHM3AI[MOHHOI KaMephl.
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[Ipy mpoxoKACHWM 4Yepe3 Ta3 3apshKeHHas 4acTHLA TepseT
CBOIO SHEPrHI0 Ha MOHU3AIMIO U BO30YKICHHE aTOMOB CpEIbl.
Cpennsis sHeprust ®, KOTopas pacxojlyercss Ha oOpa3oBaHUE OJ-
HOM DJJICKTPOHHO-MOHHOM INapbl, INPAKTUYECKH HE 3aBUCHUT OT
SHEPIUU U THUIIA YACTULBI U Ui OOJIBIIMHCTBA I'a30B, UCIOJIb3Ye-
MBIX B KayecTBe pabouero BeuiecTBa MOHU3AIMOHHBIX Kamep, Je-
KUT B auamnazone o = 20 - 40 »B. Cpengnee uuciio map 3apsijios,
00pa30BaBIIMXCS B ra3e MpH MOTJIOUICHUN SHepruu Ky, cocTaBis-
er Ny = E/o. Iloka oOpa3oBaBuIivecs B pe3ysibTaTe MOHU3ALUU
3apsael qo = eNy = eN. = eNy noa JEUCTBUEM NPUIOKEHHOTO
MEKTPUYECKOTO IO IBUXKYTCA K COOTBETCTBYIOIIMM JJIEKTPO-
JlaM, BO BHEILIHEH Ilenu Kamepbl TeYeT MHAYLMPOBAHHBIA 3JIEK-
TPUYECKUN TOK i(2).

Tak kak npu perucTpauuy OTACIbHBIX YAaCTHUI] TOK HOCUT UM-
IyJbCHBIM XapakTep, npu GOpMUPOBAHUM CUTHAJIA KpOME Iocie-
JIOBATEIbHO MOJAKJIIOUEHHOT0 aKTUBHOT'O CONPOTHUBIICHUSI HArpys3-
Ka R, He0OOXOAMMO YUYUTHIBAaTb €MKOCTHBIE MapaMeTphl LeNu Ka-
Mepbl — TaK Ha3bIBAEMYIO SKBHUBAJIEHTHYIO €MKOCTb C, paBHYIO
CyMME€ €MKOCTEH caMOW KaMephl, EMKOCTH MOHTa)ka U BXOJHOMU
emkoctu ycunutensa. Ha puc.l emxocts C n300paxeHa MyHKTH-
pOM.

WuaynupoBaHHbIM TOK #(f) pa3BeTBISETCS Ha JIBE COCTaB-
JSIIOIINE: TOK ic(?), XapakTepu3yoUuii n3Menenue 3apsaaa QJ(f) Ha

emkocte C: i = %&t); U TOK ig(f) yepe3 compoTuBieHue R, om-
. . U(t) Q(t)
eaenseMbiid 3akoHoM Oma: I (t)=——"=——.
pet (=787 = e

B cootBerctBuu ¢ 3akoHoM Kupxroda: i(f) = ic(f) + ig(f). Ot-
crofa 3apan QJ(f) MmoxeT ObITh MoJIydeH peuieHueM auddepeHu-
aJIbHOTO YpaBHEHUU:

Q. Q.
dt RC

YT-H/ITI)IBaH, 4TO ABUKCHHEC DJICKTPOHOB M MOHOB HE 3aBUCAT

i(t)= (1
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apyr ot npyra i(¢) = i(t) + ii(¢), pemenue ypaBHenus (1) c Ha-
yanbHbIM ycioBueM ((0) = 0 MO>KHO 3amucaTh B BUAE:

Q(t)= e_Rth i (t )eéTdt' +e_RtCIi+(t' Jeredt . )

I[TepBeiii unen Gopmysl (2) O(f) onuceIBaeT HAKOIIJICHUE 3a-
psanga Ha eMKocTH C OT 3JIEKTPOHHOM COCTAaBIISIOLIEH TOKA B MH-
tepBajsie Bpemernn 0 <+ 7, Bropoit wieH QO.(f) — OT HOHHOH CO-
craBisronieid Toka B uatepBaie 0 + T, rme T~ u T™ — Bpems
coOupaHus 3IEKTPOHOB U MOHOB B Kamepe. g ¢ > T, i(f)=0mu
NEpBBIH WIEH B BbIpaXEHUH (2) B COOTBETCTBUU C PELICHUEM
ypaBHeHus (1) ¢ Hy/neBOi JI€BOM 4YacThIO, CTAHOBUTCS PaBHBIM

T
Q(1)=Q (T )e R¢ . Anamorwyno juis ¢t > T BTOpOW 4iICH B
T

dopmyne (2) mpeodpasyercs: Q. (t)=Q. (T )e R | Te. oba
Cllydasi OMHUCBHIBAIOT Ipolecc pa3psaaku emkoctu C yepe3 compo-
TUBJICHHE R. BenmnuuHbl 2eKTpOHHOM i(f) 1 HOHHOM i(f) cocTaB-
JSIOUUX UMITyJIbCa HMHIYLIUPOBAHHOTO TOKAa YCTaHABIIMBAIOTCS
dhopmynoit Pamo-Illoxmu [1-3]:

i(t)=q(t)§%, 3)

rae q+(f) = eN(t) u q.(t) = eN.(t) — 3Ha4UeHUs 3apsI0B, Aperdyro-
mux B kamepe; E = Uy/d — HanpsyKeHHOCTh JIEKTPHUUECKOTO MOoJIs
B KaMepe C pacCTOSTHUEM MEXIY DIIEKTPOAaMH d, Ha KOTOPHIE T10-
JaHa pa3HocTh noreHuuana Uy; dx/dt = v — ckopocTb apeiida 3a-
PSIOB.

W3 ¢opmynsl (3) BHIHO, UTO aMIUIUTyaa U (opMa TOKa, €ro
JUTMTENTHOCTh 3aBUCAT OT CKOPOCTH Apeiida 3apsmaoB B KaMepe U
OT TOTO, TJle¢ M KaK B MEXDJEKTPOJHOM IPOCTPAHCTBE MPOILIA
yactuia. JIedCTBUTENbHO, €CIIM 3apsDKEHHAsl YacTulla IpoJieTena
napajuieNbHO IEKTPOJaM KaMepbl Ha PACCTOSIHUM X OT TMOJIOXKHU-
TEITBHOTO 2JIeKTposa (cM. puc.l), TO COCTABISIONINE WHIYIUPO-
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BAHHOI'O0 TOKA IIPH YCJIOBHH, YTO YHUCJIO DJIEKTPOHOB U IOJIOXKHU-
TEJILHBIX MOHOB B Tpoliecce apeiia He MEHSeTCs, IMEIOT BU:

eN = o<t<X:
) d v
i(t)= y “4)
o t>—,
V.
eN Vo 0<t< 97X,
) d A
(0= e ©
0o t> ,
V+

Ecnu yacTtuia Toii jxe SHepruu mnposieresia nepneHauKyIsIpHo
ANEKTPO/AaM, TO YUCIIO IEKTPOHOB U HOHOB B Kamepe, MpH yclio-
BHUU, YTO MpOOEr paBeH MEXKIIEKTPOJAHOMY DPACCTOSHUIO d, a
IJIOTHOCTh MOHU3AIMH TOCTOSTHHA BIOJIb TPEKa, YOBIBACT JIMHEM-
HO CO BPEMEHEM U COCTABJISIOUINE TOKA UMEIOT BUJ:

i (t) :eNO(l—v;t)-vg; (6)
i+(t)=eN0( —%t]-% (7

B uHTepBasiax BpeMeH 0 < ¢ < d/v.u 0 <t < d/v; COOTBETCTBEHHO.

Ha puc.2 npuBenensl (GopMmbl 3JI€KTPOHHOH M HOHHOW CO-
CTaBJISIOMIMX HMMITYJbCOB WHAYILIMPOBAHHOTO TOKa BO BHEIIHEH
e KaMepbl U1l TPEKOB, OPHEHTUPOBAHHBIX MTapaJUICIbHO (a) U
TepIEHIUKYISIPHO (6) SMEKTpoaaM .

PeanbHas popma UMITynbCOB TOKa B cirydae (0) umeer 6oree CIOKHBIN
BHU, TaK KaK IJIOTHOCTb NOHU3AIIUHN BJIOJIb TPE€KAa HEPpAaBHOMEPHA U UBMECHACTCA
B COOTBETCTBHUH ¢ KpuBoii Bynsda-bparra.
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L1ON LON

<
<
<
<

Puc.2. Cocrapisonye UMITYI6COB HHAYLMPOBAHHOTO TOKA: ) — TPEK OPHEHTUPOBaH
napauieibHo, 0) — MEePIEeHANKYIPHO dIEKTpoaaM. MacmTad mo ocsiM HCKaXKEH, pealb-
HO i.(f) = 107.(f), T.K. v, = 107,

B 3aBucumoctu ot napamerpoB R u C u cootHoweHust RC u
BpEMEHU COOMpAHHMs 3apsA/0B B Kamepe 1 BeauuMHa u Gopma
O(t) oxa3bIBAIOTCS MPOMOPIUOHANIBHBI TOKY #(f) WM UHTErpay OT
TOKa.

Eciu BeiGpats RC << T, TOrga TOK B OCHOBHOM OY€ET Mpo-
TEKaTh 4Yepe3 CONMPOTUBIICHHE HArpy3Ku R M 3apsjIKoil eMKocTH,

T.C. UIBMCHCHUCM 3apsaaa E Ha HEH B COOTBETCTBHH C YpaBHC-

HueM (1) moxHO mpenedbpeus, 1 Q(f) = RC-i(t). T.x. amnauTyna
toka i+(f) = 107i(7) (v+ = 107°v), O(f) = O(f) = RC'i(1), T.e. B
3TOM pexume curHan ((f) mpakTUYeCKH MPONOPLUOHAIEH 3JIEK-
TPOHHON KOMITOHEHTE TOKa.

Hcronp30BaHne 3TOTO pekuMa JIIsl U3MEPEHUsT SJHEPTUH Yac-
THUIIBI UMEET JBa CYILECTBEHHBIX HEJOCTAaTKa. Bo-MepBbIX, HHAY-
IIUPOBAHHBIA 3apsi () CYIIECTBEHHO MEHbBINE BEJIMYWHBI 3apsia,
00pa30BaHHOIO YacTUIleH B Kamepe ¢o. JleCTBUTEIBHO, €CITU BbI-



Gpats RC~0,1T", 10 Q zqo\;—‘RC=q0$—C=O,lqo.

Bo-BTOophIX, 3HaueHue 3apsaaa (- 3aBUCUT HE TOJIKO OT 3apsi-
1a go, 00pa30BaHHOrO YacTULIEH, HO U OT CKOPOCTH JApeiida 3iek-

poros (i (t)= q(t)%).

IIpu BeIGOpe RC >> T paspsakoil eMKOCTH 4epe3 COIMpo-
TUBJIEHUE R 3a BpeMs coOMpaHus 3aps10B MOXKHO NpeHeOpedb u
pemeHue ypaBHenus (1) umeeT BUI:

Q(t)zji_(t' )dt +_t|.i+(t' )dt . (8)

Takoli pe:kuM pabOThl KaMePbl HAa3bIBACTCS PENHCUMOM NOJHO-
20 cobupanusi, TP KOTOPOM MAKCUMAIBHBIN 3apsiji, WHIYIUPO-
BaHHBIN Ha eMKocTH C HE3aBUCHMO OT OPHEHTAllMU TPEKa YacTH-
1Bl B KaMepe, ONpeAesieTcs TOIBKO YHCIOM 3apsiioB Ny:
O(T")=eN,.
Tak, nmoacraBmsisi B ypaBHeHUE (8) BoIpakeHus Uit Toka (4) u
(5) numeem:

QmaX:eN§+eN dd_X:eNO.

+

AHAJIOTUYHO, MTPU MOJCTaHOBKE B (8) JIMHEHHO yOBIBAIOIIETO
CO BpEMEHEM TOKa, 00pa30BaHHOIO TPEKOM, OPUEHTHUPOBAHHBIM
MEPIEHIUKYIIAPHO JIEKTPOJAM, MOTYIUM Oy = eNy. Ilockonbky
Ny = Ey/o, MTHAYIIUPOBAHHBIN 3apsa] B peKHUME IMOJIHOTO coOupa-
HUs TPOINOPLUOHAIIEH JHEPruu FEy, MOIJIOIMICHHOW B KaMepe:
Omax= eEy/® 1 He 3aBUCUT OT OPUEHTAIMH TPEKa YaCTHUIIBI.

Bpemst cobupanust 3apsioB B UMIYJIbCHOH Kamepe ompee-
JII€T €€ BPEMEHHOE pa3penieHue, T.€. TOT MUHUMAJIbHBIA BPEMEH-
HOM UHTEPBaJl, KOTOPBINA JOJKEH pa3eisaTh ABE CIACAYIOIINE IPYyT
3a JPYroM YacCTHUIBI JUIsl TOTO, YTOOBI HE MPOU3O0LLIO HAIOKEHUS
VMITYJIbCOB BO BHEIIHEHN LIENTU U U3MEHEHUS UX aMILIUTYIbI.

PaccMOTpeHHBIN peKUM MOJIHOTO COOMpPaHUs UMEET CYIIECT-
BEHHBIN HEIOCTATOK, CBA3aHHBIN C HAJIOKEHUEM UMITYJICOB J1aXKe
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MPU MaJIOW WHTEHCHUBHOCTH OOJydeHus ng (ny — CpeIHEe YUCIIO
YaCTHII, TIOMAJAIONINX B KAMEPY B SAMHUILY BPEMEHH).

JleiicTBUTENBHO, aMIUTUTYAbl HUMITYJICOB OT YacCTHUI[ MOTYT
OBITh M3MEPEHBI 0€3 MCKaKEHHs TOJBKO TOT/A, KOTJa MPOMEXKY-
TOK BPEMEHU MEX]y YacThllaMud OyAeT, Mo KpailHeil mepe, He
MEHBIIIE TIOJTHOTO BPEMEHU COOMPAHHSI HOHOB.

T.x. ckopoctu npeiida MOHOB B razax MPHOIU3UTEIBHO Ha
TPU TOPSIJIKa MEHbIIE CKOPOCTEH 3JIEKTPOHOB, B Kamepax ¢ d ~ 1
CM BpeMsi COOMpaHUsS MOHOB COCTABJISET ~ 107 c. Torma, eciu
MPUHSATD, YTO BEPOSTHOCTH HAIIOKEHUS UMITYJIHCOB 3a BpeMs ~ 10
3 ¢ He 1oKHA npesbiarh 10 %, MakcuManbHass HHTEHCUBHOCTD
JUIS TyaCCOHOBCKOTO TOTOKa YacTHWIl, MOMAJaoUIMX B Kamepy,

-3
OTIPEICIIAETCS U3 COOTHOIICHUS p(0,10_3)= e ™% =09. Orciona

0" 2
HaxXoauM N, :10—_3:10 yact/c. SICHO, 4TO B peKHMeE IIOJIHOTO

cobupaHus KaMepa 00J1a/1aeT IIIOXUM BPEMEHHBIM pa3peIIeHHEM.

ObecneunTh XOpoIlee BpEMEHHOE pa3peleHre KaMepbl MOX-
HO BbIOMpas T~ < RC << T". B 3ToM cilyuae BeITHMYMHON HHIY-
[IUPOBAHHOTO 3apsija Ha €eMKOCTH OT Jpei(a MOHOB MOXKHO TIpe-
HeOpeub, U B BBIPAKEHHUH (2) OCTaeTCsl COCTAaBIIAIONIAs, CBSI3aHHAs
TOJIBKO C 3JIEKTPOHHOM KOMIIOHEHTOW TOKA:

Q(t)= e‘Rthi(t' )eFETdt‘ .

B uvactHOM ciydae, npu T~ << RC << T, 3TO BBIpa)XeHUE
YIPOILIAETCS:

Q(t)~Ji(t)dt . 9)

Kameps! ¢ TakuM pexxruMoM paboThl Ha3bIBAIOTCS KaMepaMu ¢
ANEKTPOHHBIM COOMPAHHUEM.

B pexnMe 3IeKTPOHHOro codupanns, T.K. T~ ~ 10° T, maxe
€CITU MPUHSTH BEPOSITHOCTh HAJIOKEHUSI UMIYIbCOB ~ 1 %, MOX-
HO paboTaTh MP¥ HHTEHCHBHOCTAX 06ydenns ny < 10 wacr/c.
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Ha mpaktuke TpeOyemblii pexxuM paboThl KaMephbl 00ecTIeuH-
BaeTcsd He u3MeHeHueM RC, a moA0opoM MOJIOCH! MPOITYCKaHUS
yeunutenst. CylecTBeHHbIM HEI0CTaTKOM MOHU3AlIMOHHONM KaMe-
PBl C DJIEKTPOHHBIM COOMPAHUEM SIBIISIETCSl 3aBUCHUMOCTH 3apsja
O(f) OT OpUEHTalUU TPEKA YACTHIIBI.

PaccmorpuM 3T0 Ha mpuMmepe HM3ydaeMOM HMOHU3ALUOHHOU
kamepsbl (puc.3). PannoakTuBHBIN Tpenapar, UCIYCKAIONIUN HU30-
TPOITHO MOHOXPOMaTHUYECKHE alib(a-uyacTULIbl, pa3MeIIeH B BUJC
TOHKOTO CJIOsI Ha OTpHUIarensHOM 3nekTpoxae. Ilpober anbda-
4acTHULl paBEH PACCTOSIHUIO MEX Ty 3eKkTpogamu. Kamepa pabora-
€T B PeXKHUME DIICKTPOHHOTO cobupanust, T << RC<<T".

.
.
| ’
' ,’, 2 K HPCHYCI/IHI/ITGHIO
—® ' C R
=
- UO + E
O O L 1

Puc.3. K onpezneneHuro BeTMYUHBI 3apsijia B peXUME 3JIEKTPOHHOTO COOMPaHUSL.

Eciu Ttpek anbda-yacTHIbl OPUEHTHPOBAH MapajiedbHO
QJICKTpOJaM U PACIIOJIOXKCH B HavaJILHEIA MOMEHT BPEMCHH B HEC-
MOCPEACTBEHHON OJM30CTH OT OTPULIATENHHOTO dJeKTpoaa (ciy-
yaii 1 Ha puc.3), To U3 coorHomenui (4) u (9) momywsaem cie-
nyroniee 3HaueHue 3apsga Q) Ha emxoctu C:

Q =eN_. (10)
11



Ecnu Tpek opueHTHpOBaH MEPHEHIUKYISPHO SJIEKTPOJaMU
(ciyyqait 2 Ha puc.3), TO KOJIUYECTBO HOCUTENEH 3apsna , Cieao-
BaTeIbHO, TOK YMEHbILAIOTCA CO BPEMEHEM I10 3aKOHY (6) u 3Ha-
YeHHeE 3apsaaa

1 1
Q=N =2Q. (11)

OuyeBUIHO, YTO MPHU OPUEHTALUU TPEKa MOJ MPOU3BOJIHHBIM
YIJIOM K 2JIeKTpojaM (ciydaid 3 Ha puc.3) BenuuuHa 3apsaa (s
OyzeT HaxXOaUThCA B IpeAesax:

%eN_<Q3<eN_. (12)

[TockonbKYy MCTOUHUK allb(a-yacTHIl SBISETCS U30TPOIMHBIM,
BCE 3HAYCHUS 3apsA/IOB B YKAa3aHHBIX IpeJeiax PaBHOBEPOSITHBI.
Takum 006pazoM, aMIUIUTY/Ia UMITYJIbCa B KaMepe C 3JIEKTPOHHBIM
coOMpaHHeM ONpeAessieTCss HE TOJBKO SHEeprueil anb(a-dacTwil,
HO U OpUEHTAIEH TpeKa OTHOCUTENBHO AIEKTPOIOB.

PaccMmoTpenHbIil 23QGeKT CYMIECTBEHHO YCIOXKHSET 3a/ady
M3MEpEeHUsl PHEPIHH UcCienyeMblX yacTuil. OQuH U3 myTeil ero
YCTpaHEHUs! — BEJIEHUE B KaMepy TPETbEro 3JEKTpoja — CETKH,
puc.4. /laBnenue raza B KaMepe ¢ CeTKOW MOAOUPAIOT TakK, YTOObI
Mpo0Oeru PEruCTPUPYEMBIX YaCTHI] TMOJHOCTHIO YKJIAJBIBAINCH B
MPOMEXKYTKE «BBICOKOBOJIBTHBIM 3JEKTPOA-CeTKa» (BCIOMOra-
TEeNbHBI 00beM Kamepbl). OOpa3oBaHHBIE HAa TPEKE YaCTHUIIbI-
ANEKTPOHBI APei(YIOT B HANIPABIEHUU COOHMPAIOIIETO IEKTPOa,
MPOXOAAT Yepe3 CETKY M MHIYHHMPYIOT 3apsiJl BO BHEIIHEW IeNu
TOJIBKO TpU JBIKEHUH B TPOMEKYTKE «CEeTKa-COOMpPAOIINi
ANEeKTpoa» (padbounii 00beM KaMephl), TaK KaKk CeTKa MPaKTUYECKH
MOJIHOCTBIO SKPaHUPYET OJAMH 00BEM Kamepwl OoT Apyroro. Ode-
BHJIHO, YTO B 3TOM CJTy4ae MaKkCUMaJIbHAsl aMIUIMTYa 3aps/ia, UH-
JTYyIMPOBAHHOTO BO BHEIIHEH IENH, OT OPHUEHTALUU TpeKa He 3a-
BHUCHT, U paBHA Oy, = O1. Takum o0pazoM, kamepa ¢ CeTKOU IpH
JIOCTaTOYHO BHICOKOM BPEMEHHOM pa3pelieHuu MOXKeT olecre-
YUTh XOpOIllee pa3pelieHre 1Mo SHEPTUH.

DHEpPreTUYeCcKOe pa3pellieHue KaMepbl ¢ CETKOW 3aBUCUT OT
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psana (axropoB. HwkHHI mpenen OTHOCHTEIBHOTO YHEpreTHde-
CKOT'0 Pa3peIeHts Oupen = AE,/E,, onpenensercsa QiyKTyalusiMy B
yrciie 00pa30BaHHBIX YacTULIEH MMap HOocuTenel 3apsaa. Benenct-
BHE CIy4ailHOro XapakTepa B3aMMOJECHCTBUS 4aCTUIbI C aTOMOM
BEIIECTBa, YUCJIO O00Opa3oBaHHBIX Map 3apsAaoB N sBISETCS CIy-
YallHOW BeJWYMHOW. DIyKTyaluud 4ucia Mmap XapakTepHU3YHTCs
mucrniepcueit D(N). DKCIEpUMEHTAIBHO YCTAHOBJIEHO, YTO JIHUC-
nepcust NponopUroHanbHa UX cpenHemy uuciy: D(N) = F-Ny. Ko-
3GGUIHEHT NPOMOPIHOHAIEHOCTH F HOCUT Ha3BaHuE (akTopa
®dano (£ < 1). Torga nmpeaenbHOE SHEPTETHUECKOE pas3penieHue (B
IIPENIIOJIOKEHUH, YTO PACIpeleIeHe UMIYJIbCOB 0 aMILIUTY-
JlaM TOAYMHSAETCS pacipeneieHuto ['ayceca) umeer BUI:

2,36,/FN
Bpen = o = *=236 7/ -
PLE N, N,

ot

Takoro pa3sperieHust MOXXHO ObLIO OBI JOCTUYB, €CIIN yJAJIOCh
OBl TIOJIHOCTBIO YCTPAHUTH APYTUE (GaKTOPBI, YXY/IIAIOIINE SHEP-
IFCTUYCCKOC pa3pClICHUC. K muM otHOCSTCS: BXOJAHBIC MIYMBbI
YCWIINTENS; HaJM4YHe TOKOB YTEUYKH IO Kamepe; (UIyKTyaluuu B
qUCiIe COOPAHHBIX AJIEKTPOHOB, OOYCIIOBICHHBIE HEOIHOPOMHO-
CTBIO CETKM M 3aXBaTOM DJIEKTPOHOB 3JIEKTPOOTPULIATEIbHBIMU
MIPUMECSIMH; HEMOJHasi SKpaHUpPOBKa paboyero odObema Kamepsl
OT BCIIOMOTaTEJIbHOTO M CBSI3aHHAsl C 3TUM HEKOTOpas 3aBHCH-
MOCTb aMIUIMTYAbl HWHAYLIHUPOBAHHOI'O 3apsjga OT OpHUCHTAIHUU
TpeKa YacTHIIbI; 3aBUCUMOCTh (DOPMBI MHIYLIMPOBAHHOIO 3apsija
OT OPHUCHTAIIMK YAaCTUIbI BO BCIIOMOIaTCJIbHOM o0BeEME KaMCphbI,
YTO NMPUBOJUT K (QIIYKTYaI[HsIM aMIUIUTYbl UMITYJIbCOB Ha BBIXO-
JIe CTIEKTPOMETPUYECKOTO TPAKTA M3-3a Pa3HBIX YCIOBUH uX ¢op-
MUPOBaHMS.

KOHTPOJIBHOE 3AJTAHUE

[Tpu monaroroBke k jgabopaTopHOil paboTe BBHINOIHUTH Clle-
JYIOIME Pacy€eThl, UCTIONb3Ys IPUIIOKEHHUE.
1. Paccunrtars naBiieHHE aproHa B KaMepe, MpH KOTOPOM Ipo-
6er anba-uactuir > Pu ¢ sHeprueii 5,15 MaB He Gyaer npeBbi-
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1aTh MEXAIIEKTPOIHOTO paccTossHus d = 20 MM.

2. 3Has BENMYMHY MEX3JEKTponHoro pacctosuus (d = 20
MM), BUJ ra3a (Ar), naBienue, pabodee Hanpsokenue (~ 1000 B),
paccuuTaTth MaKCUMaIbHOE BpeMsi COOMpaHus 3apsiioB T~ u T~ B
kamepe 0e3 cetkm no Qopmyne T* = d/vi, e vi — CKOPOCTH
apeiipa noHOB (Ar,) M 3JICKTPOHOB, KOTOPBIE ONPEACISIOTCS C
MOMOIIBIO TaOJIHII B IPUIIOKEHUH.

3. HapucoBaTh OXuaaeMble aMIUTUTYIHBIC pacrpeaeacHus
MMIYJIbCOB B MOHU3ALMOHHOW KaMepe C IEKTPOHHBIM COOMpPaHU-
€M C IByMsI dJIeKTpoaamu (puc.3) u B KaMepe ¢ CeTKoi (puc.4).

JIABOPATOPHAS YCTAHOBKA

@OyHKIMOHANbHAsA CXeMa YCTaHOBKM IpUBEAE€HAa Ha puc.4.
Kamepa cocrout M3 ABYX IUIOCKHUX METAUIMYECKUX 3JIEKTPOJOB
auaMeTpoM 60 MM, MEXy KOTOPBIMH HaXOIUTCs ceTKa. BepxHuii
3JIEKTPOJ — BBICOKOBOJIBTHBIN, HUKHUM, IIPUCOEAVMHEHHBIA K IIpe-
yCHIHTENI0, — coGuparommit. Mcrounnk anbda-uactun > Pu
(Eq = 5,15 M»3B) pacnosio’keH Ha BbICOKOBOJBTHOM OTpPULIATENb-
HOM 3JIEKTpojie. BEICOKOBOJIBTHBIN 3JIEKTPOJ] U CETKA — ChEMHBIE.
ITpu pabote Ge3 CeTKH paccTOSIHUE MEKAY dJIEKTPoAaMu paBHO 20
MM. B Kamepe ¢ ceTKol pacCTOAHUE MEXKY AJIEKTPOJAMHU U CET-
Kol Taroke paBHO 20 MM (Ha puc.4 — n300pa’keH BapuaHT KaMephl
c cetkoil). [locTostHHOE HanpsKEHNE OTPULIATENBHOM MOISPHOCTH
Ha JJIEKTPOABI KaMePbI MOAAETCSA OT JIBYX HE3aBUCHUMBIX BBINpPS-
mutenedt By u B, tunma BHB3-05. Cobuparomuii 25ekTpoj Kame-
pBl COENMHEH C 3apAJ0-UYyBCTBUTEIBHBIM IPELYCUIUTEIEM
BYC2-01.

B cxemy npenycunutens mociie MepBOro Kackajga YCHICHHS
BBeJleHa JuddepeHuupyromas Henoyka ¢ NOCTOSIHHOW BpPeMEHU
T = 50 Mkc. [locrosiHHas Bpemenu auddepeHnrpoBanHas odec-
neyuBaeT yciuoBue T << 1, << T". B 3TOM clly4ae Ha BBIXOJE
YCUJIUTENSI PETUCTPUPYETCS MPAKTUYECKH TOJBKO 3JIEKTPOHHAs
COCTaBJIAIONIas 3apsA/1a, MHIYLUPOBAHHOIO 10 BHEIIHEH IIENH Ka-
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MEpBI.

+ I'enepatop
UMIynbcoB | |Ocumtorpad
AMIIIUTYIHBINA
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TEIb |
R 1| Ll
H_[I]_ qul Tl Tl

Puc.4. ®yHkinoHangbHas cXxeMa yCTaHOBKH

C BbIXOJa IPETYCUITUTENST UMITYJIbChl HAMPSKEHUS NOCTYIa-
10T Ha pa3beM «Bxol b» ocHoBHoro ycumutens bYC2-47, koag-
(GUIMEHT yCHJIEHUS KOTOPOTO M3MEHSETCs B mpeaenax oT 4 1o
2048 c momouIbI0 CTYIIEHYATOro mnepekiouaTens ko3dduuuenra
YCUJICHUSI «Tpy00» M perynsaropa IIaBHOTO U3MEHEHHsT Kodhdu-
LueHTa ycuiaeHus «aBHo» oT 0,5 no 1 mpenenax Kaxaou cry-
IIEHHU.

B cxeme ycunurens npeaycMoTpeH 010k GOpMUPOBAaHUS M-
MyJAbCOB, COCTOSAIIMUA U3 MHTerpupyromei t, (t, = 0,05 Mkc) u
muddepenmpyromeit 1, (t; < 12,8 Mkc) nenouek. [lapamerpsl
(dbopMupYIOLIUX IENeil ycTaHaBIMBAIOTCS C MOMOIIBIO MEPEKIIIO-
yarenent «Audd.mMxe» u «HTErp.MKC».

MakcumanibHas aMIUIATy1a BbixoaHoro curHaina bYC2-47 ne
nospkHa npessimate 10 B, Tak xak npu ammuryaax 6onee 10 B
HapyllaeTcs JUHEHHOCTh YCUJIEHUS W HaOJI0/IaeTcsl MCKaKEeHHE
¢dopmbl curHana. /1yt KOHTPOJIS aMIUTUTY Bl U POPMBI BBIXOHOTO
CUTHaJIa UCIIOJIb3yeTcs ocuusuiorpag.
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C BBIXOAA YyCHIUTEN UMILYJIbCBI HANPSDHKEHUS MOAAIOTCS Ha
BXOJl MHOTOKaHAJIbHOTO aMILIMTYAHOI'O aHAJIN3aToOpa UMILYJIbCOB,
BBINOJIHEHHOI'O Ha 0a3e NEepCOHAIbHOIO KOMIBIOTEPA, B CUCTEM-
HBI OJOK KOTOPOTO BCTPOEHA IJIaTa aMIUIMTYIHO-IU(POBOTO
npeoOpaszosaresns umnyiabcoB (ALIl) um mamate s XpaHeHus
JTAHHBIX.

B cxeme yCcTaHOBKM NpeAyCMOTpPEH I'€HEpaTop HMITYJIbCOB
BB2-07, npenna3sHaueHHbIN U1 MPOBEACHUSI KATUOPOBKU CIICK-
TPOMETPUUYECKOIO TpakTa B eAuHMLAX 3apsana. [Ipu mposenenun
KaJIMOpOBOYHBIX M3MEPEHMM Ha BXOJ MPEAYCUIMTENS Yepe3 A0-
3upyonlyro eMkoctb C; = 1 n®, pa3MenieHHy0 B MpeyCUInuTe-
Je, TIOCTYyNAaeT UMILYJbC 3apsiia (Or, UMUTHPYIOIIMA HMITYJIbC C
JETEKTOpa, BEIUYMHA KOTOPOrO ONpPENENsIeTCs aMIUIMTYA0H HM-
nynbsca reieparopa AU u BennunHoi nosupytomieit eMmkocta Cp:
Or=AUC,.

KamMepa 3axirodyeHa B repMETUYHBIA KOPITYC, BEPXHSA 4acTh
KOTOPOTO SIBJISETCS CheMHOH. Pabounii 00beM KaMephl COSMHEH
¢ (opBaKyyMHBIM HAcOCOM M OalJIOHOM, COJEpKallluM YUCTBIN
apros. Yepe3 cuctemMy BEHTUJIEH MOXHO OTKadaTh KaMepy W Ha-
MIOJIHUTh €€ aproHOM J0 JaBJIEHUs, BBIOPAaHHOIO 3KCIIEPUMEHTa-
TopoM. JlaBieHue raza B Kamepe H3MepsieTcsi MaHOBaKyyMMeET-
poM.

[TosryueHHbIE SKCIIEPUMEHTANIbHBIE JaHHBIE CTYIEHTBI COXpa-
HAIOT B BHJIE (aiiJIOB Ha KECTKOM JIUCKE MEPCOHAIBHOTO KOMIIb-
I0Tepa BHyTpH namnku «Studenty B cBoell epcoHaIbHOM Marnke.

PABOYEE 3AJIAHUE
Iloka3aTp mpenomaBaTeNI0 pPeE3yJbTAThl, IOJYYEHHBIE IpPH
BBINIOJTHEHUM KOHTPOJIBHOTO 33JaHMsl, M, OTBETHB Ha JIONOJHHU-
TEJIbHBIE BOIPOCHI, IPUCTYNHUTh K U3MEPEHUSIM.

1. Kamepa ¢ AByMs dj1eKTpOAaMu

1. Cobpatb kamepy ¢ aByms dsekTpoaamu (6e3 cetkun). Coop-
16



Ka KaMephl BBIIIOJHSAETCS C MOMOIIBIO MPenoaBaTelis, AeKypHO-
ro MH)KeHepa Ui J1abopaHTa.

2. Otkauath pabounii 00bEM KaMepbl U HAMOJHUTH €€ apro-
HOM JI0 pacCUMTAaHHOTO paHee AaBiieHUs. OTKauKy U HalOJIHEHHE
o0BbeMa KaMepbl aproHOM MPOBOAUTH 00s13aTENNbHO 0/ HaOIr0e-
HUEM MO0 TperoaaBarens, 00 IeKYpPHOrO WHXKEHepa, 00
nabopaHTa.

3. Bkimtounthb Bce mpuOOpHI B ceTh. [laTh UM MPOTpeThCs B Te-
yeHue 5 — 10 muH. MHCTpyKIMS 1O 3KCIUTyaTalluk MPUOOpPOB
IIPUBE/ICHA B OTJICIIbHOM IIPUIIOKEHUU.

BHUMAHMUME! Bricokoe HampsiKeHHE Ha DJIEKTPOJAbl Kame-
pBl pa3peliaeTrcs M0JaBaTh TOJBKO IOCIE HAIMOJHEHUS KaMepbl
aproHOM.

1.1. Boibop paboueco Hanpsaicenus Ha 21eKmpooax Kamepol

[Tpu ucciaenoBaHUM CIIEKTPOMETPUUECKUX CBOMCTB MMITYJIbC-
HOW WOHM3AI[MOHHOW KaMephl HEOOXOIMMO OOECIEeYHUTh TaKOM
peXuM ee paboThl, Ha3bIBAEMBI OOBIYHO PEKMMOM HACHIIECHUS,
pU KOTOPOM DJIEKTPOHBI M MOHBI, 00pa30BaBIIUECS BCIEIACTBHE
MOHHU3ALUH, JOCTUTAIOT JIEKTPOIOB 0€3 CYyIIeCTBEHHBIX MOTEPb,
CBSI3aHHBIX C SIBIICHUSIMH peKoMOuHarmu, nud@y3un U npuiumna-
HUSl HOCHUTEINEH 3apsAoB. B 3TOM ciyuae aMIUIMTyAa MMITYJIbCOB
Ha BBIX0JI€ KaMephl HE 3aBUCUT OT IPUIIOKEHHOTO HAIIPSLKEHUSL.

Bei0op pabouero HampspkeHUs KaMepbl, COOTBETCTBYIOILETO
PEXHUMY HACBIIIEHHUS, IPOU3BOAUTCA CleayromuM oopasom. Ilox-
KIIFOUUTh NPEAYCUWINTEND K BXoay «b» ycunurens, a BbIXOA yCH-
JuTeNs K BXOAy ocuwuiorpada. YCTaHOBUTH IEpeKIrOYaTean
«MuTerp.Mre» U «/Iudd.mxce» B nonoxenue 0,2 mxc u 12,8 Mkc
COOTBETCTBEHHO. llogaTh Ha AJIEKTPOABI KaMepbl HaIpsKEHHE
500 B. ITocreneHHO MOBBIIIAs HANPSHKEHUE HA 3JIEKTPOJAX U Ha-
Omro/1asi UMITYJIbCHI Ha SKpaHe ocuuiuiorpada, HallTH auarna3oH
HaNpsHKeHUH, P KOTOPOM aMILIUTYAbl UMITYJICOB PAKTUYECKU
HE 3aBUCAT OT HampspkeHus. BriOpath paGouee HampsoKkeHUE B
JMana3oHe pekuMa HacklmeHus, Ho He 6onee 1000 B. IIpu sTom
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kodpdurment ycunenus bYC2-47 momoOparh TakuM, YTOOBI
MaKCHMaJIbHbIC aMILTUTY bl HMITYJIbCOB Ha BBIXOJIC YCUITUTEIS HE
npesbimany § B.

1.2. 3mepenue epemeHu Hapacmanus UMNY1bCo8

N3mepuths ¢ momomipio ocmpuuiorpada BpeMs HapacTaHHs
HMITYJIbCOB HampsikeHus: ¢ Bbixoja ycuiurens bYC2-47. Cpas-
HUTHh HM3MEPEHHYIO BEIMYMHY C TCOPETHYECKH PACCUUTAHHBIM
BpeMeHeM coOupaHus 3apsioB. B pesynprare conocraBieHus yc-
TAaHOBUTH, B KAKOM peXHMe paboTaeT kKamepa (B pEKUME DIICK-
TPOHHOTO WJIM TIOJTHOTO COOUPaHHUS).

1.3. Buibop napamempos gpopmupyroujeii yenu ycuiumens

OnpenenuB pexxuM pabOThl KaMEPhl U UCIIONb3YsI PE3YIbTaThl
MpeIbIAYIIEero U3MEPEHHs, IPOBECTU BHIOOP ONTHUMAIbHBIX Mapa-
METpPOB (POPMUPYIOILIEH LENU YCUIUTEIS.

[TpoBeneHne CIEKTPOMETPUUECKUX U3MEPEHU (aHaIu3 SHep-
TeTUYECKOT0 COCTaBa M3JyYyeHUs) MOJpa3yMeEBAaET MCCIIEJOBaHUE
pacnpeneseHuss UMITYJIbCOB IO aMIUIMTY/laM Ha BBIXOJE CIEKTPO-
MeTpuyeckoro TpakTa. OueBHIHO, YTO B ATOM CIy4yae HYXKHO
CTPEMUTBHCS CBECTM K MHHMMYMY BIIMSHME Ha aMIUIMTYIHBIN
CHEKTpP UIYMOBBIX MMITYJIbCOB, BOSHUKAIOIIMX BO BXOJHBIX LEMAX
ycuiieHus. JJpyrumu ciioBamu, CTaBUTCS 3aJada IOJY4YEHHs Mak-
CHUMAaJIbHOTO OTHOIIIEHHS CHUTHaJIa C BbIXOJA JIETEKTOpa K LIyMaM
ycuiauTens. OToro A0OMBalOTCS MyTeM MoJ00pa MmapaMeTpoB Iie-
nei, OpMUPYIOIIMX MOJIOCY MPOMYCKaHUS YCUIUTES.

ITpu npoctom RC — RC-hopMupoBaHHH, T.€. UCIIOIb30BAaHUU
B KauecTBe (POpMUPYIONTUX Ienel oaHoi auddepeHnupyromeit n
OJIHOM MHTErpupyOLIEl ILENo4YeK, MaKCUMaJbHOE OTHOLICHHE
CHUTHAJIa K IIyMy OOecrieunBaeTcs Mpu T, = Ty [cM. 4, cTp. 83].
Kpowme Toro, T, 1omkHa ObITh MO KpaifHel Mepe B HECKOJIBKO pa3
Oosblie (GpoHTA BXOAHOTO CHTHAJIA, ONPENENSIOIIEro Bpems co-

OupaHus 3apsoB B kamepe. Oka3pIBaeTcs TakkKe, YTO OTKIIOHE-
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HUE T, OT T, MOYTH HA MOPSIAOK C1a00 BIUSET Ha OTHOIIICHUE CHT-
Haja K myMmy.

Hcxons W3 3THX COOOpak€HUI PEKOMEHIYETCsS CaMOCTOs-
TEJBPHO BBIOPATh ONTHMAIBHOE 3HAUYCHUE T,. BhIOpaTh 3HaueHUE
WHTETPUPYIOMICH IETIOYKH T,. 3aucaTh BEITUYHHBI T, U T, B pa-
00Ul KypHa.

1.4. Usmepenue annapamypHoti popmul TUHUU UOHUZAYUOHHOU
Kamepwvi ¢ 08YMsL INeKMPOOAMU.

OneHuTs ¢ TOMOIIBIO OcHMIIorpada aMIIUTYly UMITYJIbCOB
HanpsbkeHus ¢ Bbixoaa ycunutens bYC2-47. [Togobpate koad-
¢unment ycuneaus bYC2-47 takum, 4TOOBI MaKCHMalbHAs am-
IUTUTYAa UMIYJIbCOB He mpeBbimana § B. BkitounTs aMIuTya-
HBIM aHaIM3aTtop, yOeIuThCS B IPABUIBHOCTH €ro paldoThl, Ha-
Omonass HabOp cHeKTpa Ha SKpaHe MOHUTOpA. MakcuMallbHbIE
3HAUEHUs aMIUIMTYJ CHEeKTpa JOJDKHBI —pacrojaraTbCsi B
500 — 800-x kaHajax aHajau3aTopa.

CHATb pacrpeseneHle UMIYJIbCOB 0 aMIUIMTyAaM. Bpems
M3MepeHusl BHIOpaTh TaK, YTOOBI OTHOCUTENbHAS MOTPEUIHOCTh B
MaKCUMyMe pacripesiesienusi He mipeBbimana 4 %. 3agukcupoBath
B paboueM jKypHaJle BpeMs U3MEPEHHUs CHEKTpa U MOJIHOE KOJH-
YeCTBO 3aperucTpUpoBaHHBIX anb(ha-yactul. Pain ¢ u3MepeH-
HBIM CIIEKTPOM COXPaHUTh B KOMITbIOTEPE B CBOEH Marike.

2. Kamepa c ceTkoi

Brikatounth Bbicokoe HampspkeHue. CoOpaTh Kamepy ¢ ceT-
koii. Kamepy oTkadath ¥ HaroJIHUTH apTOHOM JI0 MPEXKHETO JaB-
nenusi. COOpKa, OTKayKa ¥ HAMOJTHEHHE KaMephbl MMPOU3BOJISATCS C
MTOMOMUIBIO MPEernoiaBaTes, AeKYpPHOTO MHXKEHEpa WIH J1abopaH-
Ta.
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2.1. U3mepenue annapamyproii hopmvi tuHUU KAMEPLI CEMKOU

Paccuurate pabouee Hanpsbkenue U; u U, Ha BBICOKOBOJIBT-
HOM 3JIEKTpO/ie U ceTke (cM. puc.4). Pabouee nHanpsiokenue U| BbI-
Oupaercs TakuM 00pa3oM, YTOOBI HAMPSHKEHHOCTh Toyisi ) BO

-

U, -u,
BCIIOMOraTelIbHOM 00beMe, paBHas E =—q obecriednBaa

peXHUM HachlleHus kamepsl (cM. 1m.1.1). HanpsikeHHOCTB 3iiek-
Tpudeckoro nons E,=U,/d B pabouem o0beMe KaMepbl peKOMEH-
nyercst BeIOpath B 1,5 — 2 pasza Gouiblie. DTUM yCIOBHEM OyIeT
oOecriedeHa BBICOKAsh MPOHUIAEMOCTb CETKU Ui 3JICKTPOHOB
(=100 %). CornacoBaTh pacCUYMTaHHbIC 3HAUECHUS HAIIPSHKCHUI C
MPEToIaBaTeIIeM.

YcTaHOBUTH BBIOpaHHBIE HAIPSHKEHUS HA CETKE M BBICOKO-
BOJIETHOM DJIEKTPOJIE.

He MeHsis mapamMeTpoB CIIEKTPOMETPUUECKOTO TPAKTa, POBe-
pUTH paboOTy KaMephl: €CIIM HAIpsDKEHHsS Ha 3JIEKTPoaax Mojo00-
paHbl IPaBWIIbHO, Ha SKpaHe ocuuiuiorpada A0KHbBI ObITh BUIHBI
uMnynbebl. C MOMOIIBIO aHAINM3AaTOpa CHATH PACHpeeiICHHE UM-
MyJIBCOB MO aMILTUTyAaM. BpeMsi nu3Mepenust BEIOpaTh TaKUM XKe,
Kak B MpeablaylieM 3agaHuu. 3a@uKkcupoBaTh B pabodeM KypHa-
JIe TTOJTHOE KOJIMYECTBO 3apPETUCTPUPOBAHHBIX allb(a-dacTuil. M3-
MEpEHHBIN CIEKTp COXPaHHUTh B KOMIIbIOTEpe B Bujae (haiina.
OKOHYHMB M3MEpEHHE, BEIKIIIOUYUTH BRICOKOE HAIIPSDKEHHE Ha DJIEK-
TpPOJaxX KaMephl.

3. KaanOpoBKa CIEKTPOMETPHYECKOI0 TPAKTA

KanuOpoBka CHEKTPOMETPHUUYECKOro TpakTa 3akKiIrydaeTcs B
ONpENEICHUN 3aBUCHMOCTH MEXKIy BEIMYMHOW 3apsia, MOCTY-
MAIOLIETO HAa BXOJ NPeNyCHINTENS (Jpx U COOTBETCTBYIOLIUM EMY
HOMEpOM KaHasia aHanuzaropa. [1pu nmpoBeneHuu kanuOpOBOYHBIX
M3MEPEHUM Ha BXOJ MPELyCWIHTENS 4Yepe3 JO3UPYIOILYI0 €M-
kocTh C; = 1 n® nmoCTynarT UMITYJIbCHl TEHEPATOPa C U3BECTHOM
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aMIUTUTY/I0, UMHUTHUPYIOLIME HMIIYJIbChl IETEKTOpa. 3apsj Ha
BXOJI€ IPENYCHIUTENSI OIPENETSAETCS] COOTHOMIEHHEM (Jpx
= AU Cy, tae AU, — aMIUIUTYJ]a UMITYJIBCOB T€HEpaTOpa.

KannOpoBka CEKTPOMETPUUYECKOTO TPAKTa MPOBOJIUTCS Cie-
AYIOUIMM 00pazoM. YOeauThes, YTO BCE MapaMeTphbl CIIEKTPOMET-
puueckoro TpakTta (K03(pQUIMEHT YCHICHHMS YCHIUTENS, €ro
(dbopMHpyIOLIME LIENH) COOTBETCTBYIOT MPEIBbIIYIIUM HU3MEPEHU-
SIM.

CoenuHUTh BXOJ NPEAyCHIUTENS C BBIXOJOM TI€Heparopa
BB2-07 («BbIx0n npsimoii»). Ilepekitouatens «HYacrtoTa» Ha reHe-
patope Bb2-07 ycranoButh B monoxxenue 140 Hz. IlomoOpath
aMIuIUTYyly uMIynbcoB AU, Ha BbIXOJIe TeHepaTopa TakuM obOpa-
30M, YTOOBI CIEKTP MMITYJIECOB 3aIUCHIBAJICS MPUOIUIUTEIHHO B
700 — 900-x kananax a”anuszaTopa. CHATh aMIUIMTYIHOE pacipe-
JIeTICHUEe, U3MEPEHHBIM CIIEKTp COXpaHUTh B BHUIe (aiima. M3me-
PUTH C IOMOIIBIO ocLmIorpada aMIIuTyy uMiyiascoB AU, Ha
BBIXOJIE T€HEpaTopa U 3alucaTh pe3yibTaT U3MEPEHUs B paboueM
KypHaie.

W3menss aMIuTyly MMIyJIbCOB reHeparopa AU, ¢ momo-
b0 IUMOa «AMIUIUTYAA» NpoAenaTh 3 - 4 aHAJIOTMYHBIX U3Me-
pEeHHUs Tak, YTOOBI CIIEKTP UMITYJILCOB pacnonaraics B 200-x, 300-
X, 400-x, 500-x kaHamax aHanmuzatopa. OUKCUPOBATH B paboueM
KypHaJle BCe HU3MEpeHHble 3HaueHus AU;, COOTBETCTBYIOLIHE
CIEKTpPbI COXPAHATh B KOMIIBIOTEPE B BHJIE (hAIIIOB.

ITo oxoHYaHNU U3MEpPEHHH BBIKIIOUYUTH BCE PUOOPHI.

OBPABOTKA PE3YJIbTATOB

1. IIpuBecTu pe3ynpTaT U3MEPEHUSI BpPEMEHU HAapacTaHUS UM-
yJbCOB B Kamepe 0e3 CEeTKM U yKa3aTh OIIMOKY HM3MEpEHHS.
CpaBHUTB 3KCIIEPUMEHTANIBHBIN PE3yJIbTAaT C pAaCCUUTAHHBIM 3Ha-
YEHUEM BPEMEHH COOMpPAHUS SJIEKTPOHOB T .

2. TlocTpouTh KamuOpPOBOYHYIO 3aBUCHUMOCTH CHEKTPOMETpPHU-
YECKOI'0 TPAKTA, T.€. 3aBUCUMOCTb MEXIY (Jsx 1 HOMEPOM KaHala
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aHAJIM3aTOPA U OTJIOKUTh OLIMOKU U3MEPEHUIA.

3. IlocTpouth pacmpenesieHne HUMIYJIbCOB MO aMIUIMTyAam
IUIL KaMepbl ¢ AByMs siekTpoaaMu. OTIoXUTh Ha rpaduke cTa-
TUCTUYECKYIO OIINOKY M3MepeHus. C MoMOUIbI0 KaIuOpOBOUYHOM
3aBUCUMOCTH HalTH OTHOILEHHE 3HaYeHUH MAaKCHUMalbHOW M MU-

HMMAJILHOM aMIUIMTYJ BXOJIHOIO 3apsja B crekrpe: QM / QM.

BX BX

OOBSICHUTD OTYYCHHBIH pe3yIbTaT.

4. Ilo Benu4MHE MJIOINAAM MO PACIpeIeICHUEM ONPENEIUTb
MOJIHOE YHUCIIO ab(a-dacTull, 3aperucTpUpPOBAaHHBIX KaMepoil 6e3
cerku. Ilo 3TUM JaHHBIM OLEHHUTh AKTUBHOCTb MCTOYHUKA. [Ipu-
BECTHU OIMIMOKY pe3ybTaTa H3MEpeHHUs.

5. IlocTpouth pacmpenesieHHe HMIIYJIbCOB 10 aMILUIUTYAaM
IUIs1 KaMepsl ¢ ceTKoil. OTI0XNTh Ha rpaduKe CTaTHCTHUYECKYIO
OLIMOKY U3MEPEHHUSL.

CpaBHUTH (HOPMY JUHUU TSI KaMephbl 0€3 CETKU U C CETKOM.
OOBSICHUTH MONTy4EeHHBIN pe3ynbTar. Mcnons3ys kalnOpoBOUYHYIO
3aBUCHMOCTh, OIICHUTh OTHOCHUTEIBHOE JHEPreTHYECKOoe paspe-
IIEHHE AJIs1 KAMEPhl CETKOI.

CpaBHUTH MOJTYYEHHBIH Pe3ysbTaT C BKJIQJAOM B SHEpreTHye-
ckoe paspeuieHue  (aykTyauuii  woHmsauuu: AE/E, =
=2,36./F/N, , rne F = 0,19 — dakrop Dano; Ny — 4ncio map Ho-

cutese 3apsa, 00pa30BaHHBIX B TPEKe ab(a-yacTUIBL.

6. [1o BennuuHe MIIOMIAU MO/ CIEKTPOM ONPEJEIHUTD ITOJTHOE
YHUCI0 anb(a-4acTUll, 3aperuCTPUPOBAHHBIX KaMepOH € CETKOM.
CpaBHUTH C pe3yJIbTaTOM, [TOJIyUEHHBIM paHee.

7. Ucnonp3ys naHHble OOpaOOTKM MIl. 2 W 5, BBIYUCIUTH
SHEPTHUIO ab(a-4acTuIl o GopmyIe:

®
E, =Qu -
re Qs — 3apsj, MOCTYNHUBIINKN OT alb(a-yacTUIbl Ha BXOJ Mpe-
TyCUJIUTETIS; ® - SHEPrusi 00pa3oBaHUs OJHOW Tapbl HOCHUTENEH
3apsga B aetektope (o = 26,4 3B g Ar); e — 3apsij 2J€KTpoHa,
K. Boruncnute ommoKy pe3yiabTata U3MEpeHuil.
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8. CpaBHUTH LIUPUHY pacHpeesIeHUss UMITYIbCOB M0 aMILIU-
TylaM OT anb(a-4acTHIl B KaMepe C CETKOW W TeHepaTopa UM-
MyJIbCOB TOYHOU aMIUIUTYAbl. OOBSICHUTH MOJYYEHHBIH pe3yib-
Tar.

KonTposbHbie BONpoCchI

1. Uem oTnuyaercs pexuM IOJHOTO coOMpaHHs 3apsoB B
MMIYJIbCHOM MOHU3ALMOHHON KaMepe OT PEXUMA DJIEKTPOHHOTO
cobupanus?

2. IloueMy B pexuMe DJIEKTPOHHOTO COOMpAaHUs aMIUIMTYJA
VMHIYLIMPOBAHHOIO 3apsija B MOHU3ALMOHHOM Kamepe 3aBUCHUT OT
OpUEHTAIINH TPeKa alib(a-yacTuip?

3. 3ayeM B UMIYJIbCHYIO HOHU3AaLUOHHYIO KaMepy BOJAT Tpe-
TUH AIIEKTPOJI-CETKY?

Cnucok aureparypsl

1. A6pamoB A.U., Kazanckuii FO.A., MaryceBuu E.C. OcHo-
BbI SKCIIEPUMEHTAJIbHBIX METOJIOB siiepHOll (pusuku. M.: DHepro-
aromusnaar, 1985.

2. JIanunesckuit B.K., MeToapl 1eTEeKTUPOBaHUS U3ITYUYCHUM.
M.: Dueproaromuszaat, 1987.

3. O6onoBckuit U.M. CoBpeMeHHbIE METOJbl JETEKTHPOBA-
Hus uznydenuit. M.: MUDH, 1981.

4. Iutosuu A.Il. Snepnas snekrponuka. M.: DHeproaToMus-
nat, 1984.

HNPUJIOKEHHUE

1. Hns pacdera mpobera anbda-dacTUIlbl B JIFOOOW cpene
MO>KHO IPUMEHHTD CIEYIOUIYI0 GopMyIy:
R =0,525R, A",
rne R, — npober anb(a-4acTUIbl TOH ke YHEPTUU B BO3AYXE, CM;
A — aToMHBIiT Bec cpebl (aproua); R — HCKOMBIH mpober, Mr/cu’.
[IpobGer anbda-yacTuibl B €AMHMLAX JUIMHBL Rar = R/p, rae
23



p — IJIOTHOCTB cpeapl (par = 1,78 1/m).

Tabnuya 1
[Ipober anbda-yacTuil B BO3AyXe, CM

Suepria, |0 | o1 | 02 | 03| 04 | 05 | 06 0,8 | 0,9
M»B

3 1,67 | 1,75 | 1,83 | 1,91 | 1,99 | 2,07 | 2,16 | 2,24 | 2,33 | 2,42

4 2,51 | 2,61 | 2,70 | 2,80 | 2,90 | 3,00 | 3,10 | 3,20 | 3,30 | 3,41

5 3,51 | 3,62 | 3,73 | 3,84 | 3,96 | 4,07 | 4,18 | 4,30 | 4,42 | 4,54

6 4,66 | 4,78 | 4,90 | 5,03 | 5,15 | 5,28 | 5,41 | 5,54 | 5,68 | 5,81

Tabnuya 2

CKopocTh JApeiida v. - 3TEKTPOHOB B YUCTOM apProHE ISl Pa3InYHbIX 3HAUCHUIHA

Elp; v-10°, em/c”

Elp, 0,25 1051075 1,0125] 15| 1,75|20] 3,0

B/(cm-MMm pt.CT.)
V. 28 | 34| 40 | 42| 45 [ 50 55 |62 95
Tabnuya 3

IToBMXHOCTE HEKOTOPBIX HOHOB K() B COOCTBEHHBIX ra3ax, Isi HOpMaJIbHOTO
2
nasneHust Py, cm”/(B-c)

Ta3 Hon K g K,
Ar’ 1,5 -
Apron
Ar, 1,8 -
Kucnopon 0, - 2,0

[Ipumeuanue: MOABMKHOCTD AJISL JIOOOTO JaBieHUs P ompernenserca IO

dopmyine: K, = K-

760
b

" Criestyer OTMETHTB, 9TO NpH JaHHBIX E/p cKOpPOCTh apeiiha B aprone (Kak i B
OPYTUX WHEPTHBIX ra3ax), COoIep)KallleM HEe3HAYWTENbHBIE MPUMECH OIpeie-
neHHbIX Ta3oB (Hanmpumep, CO,, CHy), MOXKeT ObITh 3HAYUTEIHLHO OOJBIIE, YeM
B YHCTOM aproHe (cM., Hampumep, [1], c.114).
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