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Macc-cnektpockonna - U3ndYeckuin MeTond Konwu-
YeCTBEHHOMO M KayeCTBEHHOro ornpegeneHus coctasa Belle-
CTBa MO CMEeKTPY Macc ero aToMoB U MOSeKyr.

Macc-cnektpockon - npubop, npeaHasHaYeHHbIN
ONS  aHanu3a MaccoBOro crnektpa ewlecTtBa. B ocHoBe gen-
CTBUS BCEX MaCC-CMEKTPOCKONOB Nexut pasgeneHve (B npo-
CTpaHCTBE MMM BPEMEHU) C NMOMOLLBI 3MNEKTPUYECKMX U Mar-
HUTHBIX MONEen 3apsKeHHbIX YacTuy, (0O6bIYHO MOHOB) C pas-

NWYHBIM  yaenbHbIM  3apsaoM (ZdM), cBofsuee aHanus

Macc K nocrnenoBaTenbHOCTU paga onepaumii:
a) co3gaHne MOHHOTO MNy4Ka;
0) pasnoxeHne MOHHOro My4ka Ha KOMMOHEHTLI MO

3HaYeHUAM ZdM ;

B) perMctpaumsi U N3aMepeHne UHTEHCUBHOCTU Kax-
[0V KOMMOHEHTbI MOHHOTO MNy4kKa.

B cooTtBeTCcTBMM C 3TUM Briok-cxemy noboro macc-
crneKkTpockona MOXHO NpeacTaBnUTb B BUAE TPEX Y3rOB:

a) MOHHOTO UCTOYHMKA, B KOTOPOM OCYLLECTBNSIETCS
NOHM3aLUsi U OPMMPOBAHME MOHHOTO MyYKa;

0) aHanusatopa, cnyXxawero fAnsi pasfoXeHus
MOHHOTO Ny4Yka Ha KOMMOHEHTLI N0 yAenbHOMY 3apsay

(ze'M);

B) pervcTpupyroLwero yctponcTea (Komnekropa), cry-
© Tr.MWlopsra ,B.B.0errepesa, T.C.[lybuHko, Xallero Ans perucTpaumm u N3MepeHnsi MHTEHCUBHOCTU Kaxaoi
A.N.Kokopes,H.A.KpacunbHukosa, KOMMOHEHTbI MyyKa.

C.C.KpaCVIJ'IbHVIKOB,B.B.TapaCOBa OCHOBHbIMM XapakTtepuctukamum macc-
CMEKTPOCKONOB ABNAKTCA:

a) paspewlatoulas cuna R - BenuyuHa, obpaTtHas
MWHUManbHON OTHOCUTENBHOW Pas3HOCTM Macc, Mpu KOTOPOW

© MockoBckuii FocynapCTBEHHbIN ABe 6rvskve maccel M, n M ewe pervctpupyiotcsi npuGo-
YHusepcutet, 2005 POM Kak pasfinyHble, T.e.
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6) aoucnepcusa no maccam D - BennuuHa paBHas
N3MEPEHUIO PACCTOSIHUS MeXay NMHUSIMU X (MNK MHOro napa-
MeTpa, Mo KOTOPOMY pa3BepTbiBAeTCs CMEKTp Macc) npu 3a-
OaHHOW OTHOCUTENbHOM pa3HOCTU Macc, T.€.

D:XMO:X MO ; 2)
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B) YYBCTBUTEMbHOCTb - MUHUMAarbHOE KOMWYECTBO
MOHOB, KOTOPOE eLlie MOXET 3aperucTpmpoBartb Nnpnbop.

UyBCTBUTENbHOCTb B CUSIbHOW CTEMNEHWN 3aBUCUT OT
cBeTocuIbl Npubopa, onpeaenseMon Kak npou3BedeHune LWn-
PUHBI e NCTOYHUKA Ha BESTIMYUHY Yria packpbITUA nepBuy-
HOMO MOHHOIO NyYKa, BCE YacTULbl KOTOPOro MOCrie Npoxoxae-
HUA aHanNUaupylowero nongd nonagatT Ha KOMMEeKTop macc-
cnekTpockona.

Bclo cOBOKYNHOCTb MacC-CNeKTPOCKOMMYECKUX yCT-
PONCTB B COOTBETCTBMM CO CNocobom perncrpaumm MOHHOro
ny4yka MOXHO pasfenuTb Ha ABe rpynnbl: Macc-cnekTporpadsbl
N Macc-CrnekTpoMeTpbl.

MpeactaBum cebe, YTO MOHHBIA MYy4YOK MOCPEnCT-
BOM aHanu3aTtopa pasnaraetca Ha KOMMOHEHTbI No Ze/l\/l B

HekoTopon obnacTu npoctpaHcTBa. [Mpy 3TOM MOHbLI pasnuy-
HbIX Macc OBWXYTCS MO pa3nuyHbIM Tpaektopusam. [NonoxeHune
B MPOCTPaHCTBE TPAEKTOPUW WOHA C YAEerbHbIM 3apsgoMm

Ze/M 3aBUCUT OT YCKOPSIIOLLEro MoHbI noTeHuuana U, Ha-

NPSYKeHHOCTU MarHuTHoro nons H . ameHss U unn H MOXHO
N3MEHATb MOMOXEHNe TPaeKTopMM MOHa B MPOCTPaHCTBE.
WHa4ve roBops, N0 OAHOWM U TOW XXe TPaeKTOpUN MOXHO Nooye-
peaHO MPOBOAWTBL MOHBLI pa3nuuHbix Macc. OTcioga crnepgyer,
YTO M3MEPSITb MacCbl MOHOB MOXHO ABYMS crocobamum.
MepBbii cnocob. Pa3noXmnB MOHHLIN My4OK Ha KOM-
MOHEHTbI, MOXHO OLHOBPEMEHHO PErMcTpupoBaTb MOHbI KaX-
[Oro copta BO BCEM MPOCTPaHCTBE TpaeKkTopuin. Takas peru-
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CTpauus ocywectBngetrca ¢oTtorpaomyeckumn  mMeTogamu.
Macc-cnekTpockonuyeckme YCTPOWCTBA C TakuMMm CMOCOOOM
pervctpaumm OTHOCSTCA K rpynne macc-cnekrporpados (Macc-
cnekTporpadgbl ToMmcoHa, AcToHa, [lemncrtepa v ap.).

BTopow cnoco®. BeibpaB nocTosHHYHO AN 4aHHOTO
npubopa TPaeKToOpu0 MOHOB, MYyTEM M3MEHEHUsSI COOTBETCT-
BYIOLLLEro napameTpa MOHHO-OMTUYECKOW CUCTEMBI, NooYepea-
HO BbIBOOUTb Ha Hee KaXAyld KOMMOHEHTY MOHHOro nyyka u
U3MepsATb ee WMHTEHCMBHOCTLIO. [1pu 3TOM peructpauus uH-
TEHCMBHOCTU KOMMOHEHT My4Ka MOHOB OCYLLECTBNAETCS Arnek-
Tpuyecknmun cnocobamn. YCTpPOUCTBa C SNEKTPUYECKMU CMO-
cobamu perncTpaumm KOMMOHEHT MOHHOIO MyyKa Ha3blBalOTCS
Macc-CnekTpoMeTpamu.

Mo npuHUMNY OEencTBUMS MacC-CNeKTPOoCcKomnbl Ae-
MSTCA Ha cTaTuyeckMe u anHamudeckune. B ctatnyeckmx macc-
CMeKTpocKonax TPaeKTopun MOHOB B MOCTOSAHHbIX BO BPEMEHMU
ANEKTPUYECKUX U MArHUTHbIX MONSAX 3aBUCAT OT BEJIUYMHbI

Ze/M . B avHamuueckux - yaenbHbI 3apsig MOHa onpefe-

nsietca nnbo no nepuogy ero konebaHuin B NnepeMeHHbIX 3ek-
TPUYECKUX U MArHUTHbIX Nonsx, NM6o nNo nepuony obpalleHust
W LMKNOTPOHHBLIM Pe30HaHCHbIM YacToTam, nMbo no Bpeme-
HW NporneTa UoHa OT UCTOYHMKA A0 KosnekTopa.

Kaxgass 3 aTux rpynn macc-CrekTpOCKOMUYECKMX
YCTPOWCTB MMEEeT CBOK ob6nacTb NMPUMEHEHWUsI CBOW MpenMy-
LecTBa U HeJoCTaTKM.

Macc-cnekTporpacdbl NO3BoONAT onpedennTb Mac-
CYy 3apsPKEHHOM YacTuLbl C BbICOKOW CTEMNEHbIO TOYHOCTH, T.€.
obnagaT BbICOKOW paspeluarolert cnocobHocTbio R . Pas-
peluatoLas cnocobHOCTb COBPEMEHHbIX Macc-cnekTporpadoB
jocTturaeTt R=6L1C". OpHako, meTtoabl hoTorpadmyeckon
perMcTpaumm KOMMOHEHT MOHHOMO My4YKa OYeHb TPYOOEMKU U
He MOo3BONSAT TOYHO ONPEeAEnUTb KOHLEHTPALMIO KOMMOHEHT.
HanpotuB, Macc-CnekTpoMeTpbl WMEKT CpaBHUTENbHO He-
GonblUylo paspeluatoLlyto  CnocoBGHOCTb (R:lOO— 400).
OpHako, oHM 06ragatoT BLICOKOW 4YyBCTBUTENBHOCTbI. Co-
BPEMEHHbIE MacC-CMeKTPOMETPbl  MO3BONSAT  onpeaennTb
KoHLeHTpauwto npumecent go 107,

B nocnegoHee Bpemsi B CBSI3W C pasBUTUEM WM-

NyNbCHOW U BbICOKOYACTOTHOM TEXHUKM rpynna Macc-
CNeKTPOMETPOB MOMOMHMIIACk AMHAMUYECKUMU (paamoyacToT-
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HbIMW) Macc-CrnekTpoMeTpamMu: pe3oHaHCHbIMU (hapBUTPOH),
BPEMSI-NMPONETHLIMU  (XPOHOTPOH), LMKIIOTPOHHbIMK (OMera-
TPOH), MMEILLMMM pAL MPENUMYLLECTB: NPOCTOTa KOHCTPYKLNW,
KOMMaKTHOCTb U Ap.

B npeanaraembix nabopartopHbix paboTax u3yya-
€TCsl paAMoyacTOTHbIA cnekTpoMeTp (OMeraTpoH) U OAVH K3
cnocoboB ero Mcrnonb3oBaHMs B (PU3NYECKOM 3IKCMEPUMEHTE
(M3y4eHMe MoHM3aLMM aTOMOB M MOJIEKYN 3EKTPOHHLIM yaa-
pom). Llenbto HacTosiwen paboTbl ABnsieTCs 3HaKOMCTBO C
NPUHUMNOM OEWCTBUS U YCTPOWUCTBOM OMEraTpoHa, a Takke
NpoBEeAEHNE aHann3a nerknx Macc-MoHOB ra3oBO CMECH.

MpuHUMN gencTBmA npmudopa.

OwmeraTpoH-BbICOKOYACTOTHbIA MacC-CNekTpomeTp,
npeacrtaBnageT cobol MUHMATIOPHbIA LUKMOTPOH. Pusnde-
ckas uaes nexatlasi B ocHoBe paboTbl omeraTtpoHa COCTOUT B
CO3JaHUN crnmpanbHOM pacKpydMBaloLWEeNcs TpaekTopumn 3a-
PSKEHHONM YacTULbl B CKPELLEHHbIX OAHOPOAHbIX NOCTOSIHHOM
MarHUTHOM 1 NEePEMEHHOM 3NEKTPUYECKOM MONSIX.

[Mpn aToM okasbliBaeTCH, YTO MOH JAHHOW Macchl (TOY-
Hee Ze/ M ) 6ymeTt gocturatb B KOHLE TpaekTopun 3aaHHON

KoopavHaTbl (MOMOXEeHUs KOMnekrtopa) TOMbko Mnpu onpede-
NEHHOW YacToTe anekTpudeckoro nongd. MeHas ee, MOXHO no-
cnepoBaTeribHO NPUBOAMTL MOHbI Pa3fIMYHOW MacChbl K AeTek-
TOpY, T.€. NPOM3BOAUTbL aHarnmM3 UOHOB.

MpuHuMnNuanbLHas cxema omMeraTpoHa npuBeaeHa
Ha puc.l. Y3Knin 3NeKTPOHHbIA Ny4yoK 3, napanfesnbHbl Ha-
npaBneHuio MarHUTHOro nonsa H npoxoaut oT katoga 1 yepes
anadbparmy 2 u UeHTpanbHy YacTb KybU4ecKkon kamepbl ome-
raTpoHa K Konsiektopy anektpoHoB 4. K nnactuHkam 5, napan-
nenbHbIM HanpaBneHWto MarHUTHOro nonst H, npuknageisaeT-
CSl HanpsXeHWe BbICOKOW YacTOTbl. ONEKTPOHHbLIN My4OK, Npo-
Xo4sa 4yepes Kamepy, CTankupaeTCcd C aToMaMu UMM MOINeEKy-
namu rasa, Haxogsiierocsi 06bI4HO B HEGOMbLIOM KONMYeCTBE
B OMeraTpoHe 1 MoHu3yeT nx. Takum obpasom, BO3HMKalOLLuE
B ANIEKTPOHHOM My4ke Ha ocu npubopa MOHbI rasa ABuralTcs
BO B3aUMHO MNePreHAMKYNSPHbIX OLHOPOAHLIX MarHUTHOM W
BbICOKOYaCTOTHOM 3MEKTPUYECKOM MONSAX.

MycTe anektpudeckoe none E = Eg sSin(at+¢)

HanpaerneHo no ocn OX, a OpgHOpogHOE MOCTOSIHHOE Mar-
HUTHoe norne H no ocu OZ.

K AJJICKTPOMETPHICCKOMY
YCHIIHTCITH)

Puc.l. Cxema owmeratpoHa: 1-katogd;, 2-guadparma; 3-
3MNEKTPOHHBIA MYYOK; 4-KONNEKTOP 3NeKTPOHOB(aHod); 5 n 6-
BbICOKOYACTOTHbIE 3MNEKTPOAbl; 7-KOMNMEKTOP WMOHOB; 8-3KpaH
BbIBOAA KomnrekTopa; 9-kopnyc kamepbl.

Pelwas ypaBHeHVWe ONs MOHA C yAenbHbIM 3apsaoMm
Ze/M B MPEAMNONOXeHNN, YTO MOH Npu t=0 (B MOMEHT pOX-

OEHUS) NMOKOUTCS U HAaXOAMTCSl B Hayarne KoopAuMHaT, MOXHO
y6eoutbcs B TOM, YTO OH OyaeT ABWUraTbCsl NepPneHanKynspHO
MarHMTHOMYy nosto B nniockoctn XOY (cm. lNpunoxeHune). B
TOM crlyyae, Korga vacToTa afeKTpu4eckoro nomns 6nmska K
LIMKMOTPOHHOW YacToTe MOHa,



W= ﬁ , T.e.korga ‘ a,o - ‘ << C"O , WOH bypet

Mc
OBUraTbCA np|/|6nv13|/|Teano no chpaanoﬁ TpaeKkTopun (CM.

Y n 1
pu1C.2) C YrroBoi 4YacToToM 5 (wo + w) ¥ paguycom

C (wo-w
EoSI 0

t ©))
H(w - w) 2

r =

ZK] 3) BUOHO, yTO BOGNM3n pe3oHaHca
‘ g~ G ‘ << (L PapMyc TpaekTopun MOHa MepUoANYEcKy

.1 .
MEHSIETCA C 4acTOTOM — ). Amnnutyga konebaHuii
E(a’o w) ya
paguyca OygeT MeHsTbess B npegenax ot r =0 o
r - CR Paauyc pe3oHaHCHOrO MOHa (a)o =a))
max
H (0)0 - 0))

nerko onpegenuTb M3 BblpaxeHus (3), nepenga kK npegeny
(a) > W 0):

r:CE_Ot.
2H

T.€. NMPW pe3oHaHCce MOHbI BYAYT YCKOPSATLCS U ABUraTbCs MO
cnuparnbHbIM TPAEKTOPUSIM BCE YBENMMUYMBAIOLLUXCS pagnycoB
(no apxumegoBbim crivpanam). OHn 6yayT BecTu cebsi aHano-
TMYHO TOMY, YTO HabnaaeTcs B LMKNOTPOHE, IAe UOHbI ABU-
XKYTCSl N0 KPYroBbIM OpOuTam, paamyc KOTOpbIX Ha Kpasix oy-
aHTOB CKa4YkOM YBENMYMBAETCS ABaXObl B TEYEHME KaXOO0ro
obopora.

Takum obpa3om, ecnu 4YactoTa 3NIEKTPUYECKOro
nons (L coBnafaeT C YacTOTONM BpalLEHWUs MOHOB B MarHuT-

HOM none (UMKIOTPOHHOW YacToTon (L 0— eH/I\/IC), WOHBI

6yayT ABUraTbCsl MO CIMpany, WX asuMyTanbHbiii yron & Bee-
roa 6ygeT coBnagaTth ¢ ha3oM BbICOKOYACTOTHOrO anekTpuye-
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ckoro nona ¢t (CcM. puc.2), T.e. pe3oHaHCHblE WOHbI ByayT

YCKOPSATBCH, M OHWU ByayT ABWUraTbCA MO packpydmBatoLleics
cnupanu, noka He NonagyT Ha KOMMEeKTop, PachoNIOKEHHbIA Ha
HEKOTOPOM PacCTOsHUK [, OT Havana koopauHar (ocu npuGo-

pa).

Bce HepesoHaHCHbIE MOHbLI HEe HaKamnnMBalT 3Hep-
TMI0 1 Mo3TOMy GyayT OBMraTbCsl B Mpedenax orpaHuyYeHHow
obnactn okono ocu npmubopa, 6yayT octaBaTbcss BOGNU3N ocu
BHYTPU UMNMHAPUYEcKon oBnactu nepemMeHHoro paguyca fr
(cm. (3)).

CrnepoBaTenbHO, W3MEHSsi 4acToTy KonebaHui
ANIEKTPMYECKOro nons ¢ = 271V , MOXHO HanpaensATb Ha Kosl-
NEKTOP MOHbI Pa3nUYHbIX YAerbHbIX 3apAaoB. 3Has 4acToTy
konebaHuii anekTpudeckoro nona V' sapsag vmoHa Ze, nerko
onpeaenuTe Maccy Pe30HaHCHbLIX MOHOB (MOHOB, MOMaBLLUX Ha

Konnektop). [encTBuTenbHO, Npu pesoHaHce (G 0= G ) ons
0HO3apsAHOro MOHA MonyYaeMm:

= M P E—
, OTKyAa 4
Mc 2 ¢ 27V C ®

¥ T(t)

E-Esin{fwt+¢)

Puc.2 Bupg TpaekTtopuii MOHOB B OMeraTpoHe:
1-TpaeKkTopusi Hepe3oHaHCHbLIX MOHOB; 2- TpaeKTopus
PEe30HaHCHbIX NOHOB;
3-KONIeKTop MOHOB.
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M3 (3) BMOHO, YTO MOMUMO PE3OHAHCHbLIX MOHOB Ha
KONMEKTOp MOryT Monagatbh WOHbI, MakCUMarbHOe 3HaveHue
paguyca TpaekTopumn koTopbix 6yaeT Gonblie nnm paBHO pac-
CTOSIHUIO [, 10 KOTieKTopa. 9710 ByneT Korga

E, w, - w|= £Aa)o
roH 2

CrnepoBaTtenbHo, npu  (PUKCMPOBAHHOW 4YacToTe
«q OyayT pervctpupoBaTbCs MOHbI B WMHTEpBane 4acTtoT

A w , anekTpuyeckoro nons

Aw, = 2Eo ©)
r,H
MoaTtomy paspelwatoiaa cnocobHocte R npubopa
paBHa
2
r=M _ “ _e To" ©)
AM Aa)o M 202 EO

T.e. paspelualolias CNocoOHOCTb oMeraTpoHa Npu NPoYMX
PaBHbIX YCIOBUSAX YMEHbLUAETCS C YBENMYEHMEM MACChl aHa-
nmM3npyembix MOHOB. [losTomy npubop uenecoobpasHo wuc-
nonb3oBaTb ANl aHanu3a nerkux macc. Kpome Toro, paspe-
Wwakrwas crnocobHOCTb OMeraTpoHa o06paTHO npPOMNopLMO-
HanbHa amMnAMTYQHOMY 3HAYEHUIO HanpsHKEHHOCTU 3NeKTpu-
yeckoro nonsi. MNMosToMy HEBLIFOAHO BECTU WU3MEPEHWUS MNpu
BOmbLUNX 3HAYEHUSX HAMPSXKEHHOCTW SMEKTPUYECKOro MNOossi.
HanpoTtuB, 4yBCTBMTENBHOCTL MpMbOpa Npu MNPOYMX

paBHbIX ycnosusix 6yaet Tem Gonblie, yem Gonbwe E,. Ta-

kum obpasom, npubop xopowo 6yget paboTtaTte Npu HEKOTO-
POM ONTUMAmNLHOM 3HaYeHUM [, BENUYMHBI Macchl aHann3m-

PYEMbIX UOHOB, HanpsPKEHHOCTU MarHUTHOro nonst H u KoH-
CTpyKUMmM npubopa (ro).

10

B omeraTtpoHe, ncnonb3yeMom B 3agayax 2 u 3, ontu-
MasnbHble 3HayeHus nexat B npegenax

03B/cm<E,<2B/cm npn H =200(D.

Mpexae Yyem pe3oHaHCHbIN MOH OOCTUTHET KONMek-
TOpa, OH ABUrasicb No CnNupanbHOM TpaekTopuu, NponaeT pac-
cTosiHMe S paBHoe (cMm. Mpunoxexne)

2112
_ ey H
- 2
Mc“E,
N ycneeTt coBepwnTb 6onbLuoe YMcno 060poTOB N OKOJIO OCU
npubopa, roe n onpeaensieTcs COOTHOLLEHUEM:

(7)

_egH® ®)
2
T Mc “Egq

dopmyna (8) nonyyeHa B NpeanosioXXeHnn, YTo MOH
npv CBOEM OBWXEHUWN HE UCMbLITLIBAET COYAAPEHMIA C aTOMaMM
rasa B npubope, B NPOTMBHOM Criy4ae OH He MonageT Ha Kon-
nekTop.

3710 o06CTOATENLCTBO ONpeaensieT [ONyCTUMYHO
BEMWYUMHY [OaBneHus rasa B kamepe npubopa. B ycnosusix
aKcnepuMMeHTa JaHHOM 3ajadn gaBrieHue rasa P B omeraTtpo-

-5 N
He porkHo 6bite P <10 ° mm.pr.ct. PesoHaHCHbIN MOH,
ABMrasicb Mo CrMpani ¢ YCKOPEHWEM, K KOHLY MyTv (B MarHuT-
HoM none H oH GygeT o6rnagaTb LMKIOTPOHHBIM PafvycoM

ro) npuobpetaeT 3Heprnto W , paBHYyHO

2.2 2,242
WzMszMwOrO :e rOH _ ©)
2 2 2Mc 2
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YcTpocTBO oOMeraTpoHa.

OwmeraTtpoH npegcrtaBnseT cobon MeTanyMyeckyro ka-
Mepy, 3aKMtOYeHHYH B HEOOmbLIOW CTEKMAHHbIA GannoH. Ka-
Mepa ABMsieTCH OAHOBPEMEHHO M UCTOYHWMKOM W aHanmu3arto-
pom moHoB. CxemMa omeraTpoHa npeacTtaBrneHa Ha Pwuc. 1.
ONEKTPOHHbIN NYYOK CO3aeTcs KaToaoM 1, 1 HanpspKeHUaAMU,
NpUNoXeHHbIMU K anadparme 2, kopnycy kamepbl 9 U Konnek-
TOPY 3NEKTPOHOB (aHoay 4). dokycupyeTcs My4OK MarHUTHbIM
nonem H © 3NEKTPOHHO - OMTUYECKOM CUCTEMOW, COCTOSLLEN
n3 guadpparmbl 2, koprnyca kamepbl 9 1 KOnnekropa anekTpo-
HoB 4. lNy4ok ccokycupoBaH Ha aHoa 4 Torga, Koraa ogHa us
ocen npubopa, npoxoAswasa 4Yepes OTBEPCTUSI B KOpMyce U
anadparme (nMMHus 3) coBnagaeT C HanpaBleHMeM CUIOBbIX
JIMHUN MarHUTHOro nons. MNMpu 3TOM TOK B aHOAHOW Lienn Joc-
TUraeT MakCMMarnbHOW BENUYMHbI (|A =10 mKA ), a B uenu

koprnyca Kamepbl MpUGNU3NTENbHO paBeH Hyrio.

My4yoK aMEeKTPOHOB, NPOXOAA Yepe3 KaMepy, MOHU-
3upyeT ras B npubope. Ha ase nnactuHku 5 1 6, pacrnonoxeH-
Hble napannenbHO OCU 3MEeKTPOHHOro My4yka, NoAaeTcsl BbICO-
Ko4acToTHoe HanpsbkeHue. Mpuyem Ha NnacTUHKY 6 nogaeTcs
«3eMnsa» BbICOKOYACTOTHOro reHepartopa. Mpu dokycmpoBke
NpuGop pacronoxeH B MoMsX Tak, YToBbl OCb 3MEKTPOHHOIO

nyyka Gbina H H v EOH . B nnactuHke 6, HaxoasLueics nog

NoTEHLMaNnoM «3emMnu», CAenaHo OTBepCcTMe AN NpueMHuMKa
MOHOB, NpeacTaBnstowero cobon T-obpasHyto NONOCKY U3 HU-
xpoma. Bce meTannuuyeckue getanm omeratpoHa BbIMOJTHEHbI
n3 TaHTana TonwwuHon 0,2 mm. B KayecTBe KaTtoda UCMOMb3y-
eTcsl BonbpamoBas cnvmparb, U3roTOBfIEHHAs M3 MPOBOJIOKM
anameTtpom 0,1 mMm. PaccTosiHne mexay BblICOKOYACTOTHBLIMMU
nnacTMHKamun, nepegHen M 3agHen CTeHKaMm Kamepbl 2 CM.
PaccTosiHue Mexpgy oCcbto 3MEeKTPOHHOIO Myyka U NPUEMHMKOM
noHoB [ 0,6 cm. Bce anekTpuyeckvie BbIBOAbI Yepes CTEKNo
BbINOMHEHbI B BUAE ABYX rpebeHok. Yepes ogHy n3 rpebeHok
NoABOASATCS BCE MOCTOSIHHbIE W BbICOKOYACTOTHLIE Harpshke-
HWA Ha 3MNeKTPoAbl Namnbl, a Yepes3 apyryto - BBOA NpuemMHuKa
NOHOB.
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MPUNNOXEHWE
LIMKNOTPOHHBLIN pe30HaHC.

YpaBHEHUS OABMXKEHUS.
dusnyeckoe sBNEHWe, MUCMNOSb30BAHHOE B OMEraTtpoHe Ansi
NPOCTPAHCTBEHHOIO pasfefieHns MOHOB MO yAerbHbIM 3aps-
0aM, HOCUT Ha3BaHME WOHHOIO LMKMOTPOHHOrO pPEe30HaHCa;
nycTb OAHOPOAHOE 3feKTPU4eckoe none HanpsXXeHHOCTbIO

E= E0 sin(at + ¢) HanpasneHo no ocn OX, a ogHopoaHoe

marHutHoe none H no ocn OZ.
YpaBHeHMe OBMKeHMA noHa maccel M n 3apsaga e:

M=-\VY_=eE_.+=
dt C{V H}
npu ydeTe , 4TO

EX:E’ Ey:Fj:O’ HZ:H HX:Hy:O’

B cKansipHou cbopme umeeT Bug

dv
X _ € . eH

—2=_—_FE n +@)+—V ,

dt 0° (t+¢) Mc Y

dVy eH (N.1)
=—-_V ,

dt Mc X

av

—Z-9

dt

Pewas ypasHeHus (I1.1) B NpeanonoXeHun, 4To B Mo-
MEHT BpemMeHn t = 0 (MOMEHT POXOEHMS)) WOH MOKOUNCH U
Haxoaurcs B Havarne KoopauHaT, Mony4mm:

X(t) =1+ay{co@ sine—l_zycoéyglm ¢]sir[1‘2"9]}

(N.2)
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y(t) =- (1+y){2(1 y)cosxzﬁsm2 +S|n¢cos9—
sw(y 10+¢]sw{1 y@] (1+y)cosg}.
(N.3)
Z(tH)=0 (M.4)
eE
_ 0 _w _eH _
roe a—MwZ, y—w—o, a)O—M—C, H—wot
(N.5)

T.€. U3 HavanbHbIX YCNOBUI U ypaBHEHUSA ABWXEHUS crieqyer,
4YTO MOH ByaeT apuratbes B nrnockocty XOY.

Onpenenvm xapaktep W3MEHeHUs KoopAuHAT WOHa
BONM3M pe3oHaHca, T.e. Npu yCrioBun, 4To ‘a 0—0-\ <<ag.

YuntbiBaag ob6o3Hauvenusa (I1.5), 3anMwem paBeHCTBO
(M.2) B BUOE

cE
X(t):H/ o
0

(a) wo} sindcosg -

+w

2w
3 0 y+1 . (1-y
(w0+w)cos( 5 «9+¢jsm[2 «9)}

(N.s)
a TaK KakK Mo YycnoBsuio ‘a)o—a* << a)o " a)0= @, 10 n3

(M.6) n (r.5) cnegyet, 4Yto X-KOOpAMHaTa MOHa BONMU3N peso-
HaHca onpeaenseTcsl COOTHOLUEHUEM:

14

X(t) =1 (;Eo_w)sir{aoz_ at} CO{“OZ* wt+¢}

AHanornyHeim obpaszom u3 cooTHoweHusa (I1.3.)
nonyymMM, 4To U3MeHeHne Y-koopauHaTbl MoHa BOGNM3K peso-
HaHca OyaeT onpenensiTbCs PaBeHCTBOM

n.7)

cE n—G ant
—_ [ O \ Qi O 1 O
y(t)—kao_w}sw{ 5 t]sm{ 5 t+¢]

N3 cooTtHoweHun (M.7) n (MN.8) cnenyeT, 4YTo B TOM

(Nn.s)

cny4vae Korga LMKINOTPOHHAas 4YacTtoTa noHa cco Oynet 6nmska

K yactoTe KornebaHuin anekTpuueckoro nons (L paccTosiHne
3apshKeHHON YacTuLbl OT Hayana koopauHar Gyaer:

wn—C
_[2.2- o .%o
r=4Xs+y H(wo_w)sw{ 5 tJ

Takvum obpasom, BOGNM3M pesoHaHca WoH GyaoeTt aBu-
ratbCsl N0 NPUBNU3NTENBHO CNUpanbHON TpaekTopumn (CM. puc.

(M.9)

3) C yrrnoBon 4acToTon %(a)o +a)) (cm. ypaBHeHus (I1.7),

(M.8)). Mpun aTom pagmyc TpaekTopum MoOHa NepuoanYeckn Me-
HSIeTCHA C YacToTom 1(0)0 +a))- W3 (.9) cnegyet, 4to B6GNM3K
2

pesoHaHca amnnuTyaa konebaHuii paguyca MoHa 3axBaTbiBa-

et obnacte oT r=0 A0 | = CEO . B Tom cnyyae, korga
H(a)o a)’

4acToTa M3MEHEHMsI SNEKTPUYECKOro Nons cosnagaeT C LuK-
NIOTPOHHOM YacTOTON MOHA, T.e. MpW PEe3oHaHce (a):a)o),
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Kak aTo crneayeTt u3 ([1.9), TpaekTopuen omxeHnst noHa byoet
cnvpanb Apxumega. [encTBUTENLHO, NpefenoM COOTHOLUe-

Hua (M.9) npn W — a)o Oynet

0 | (M.10)

T.e. B OMeratpoHe pe3OHaHCHble MOHbI, ABUrasiCb MO packpy-
yuBawLlencs cnupanu, ByayT yCKOpATbCS, HEMPEepPbLIBHO NOMy-
YaTb MpUpaLleHVe 3SHEepruu, a HepesoHaHCHble MOHbI OyayT
aBuratbcs no HEeKoTopoWn CKpy4mBatoLLiencs-
pacKpy4MBaloLLENCA KPMBOW B Mpefenax orpaHWdeHHon ob-
nacTu OKono ocu npubopa, He nony4yas SHepPruu OT JNeKTpu-
Yyeckoro nosns (B cpeaHem).

Ecnn Ha paccTosiHum rg ot ocv npubopa nomec-

TUTb MPUEMHMK, TO PE30HAHCHbIE MOHbI, ABUrasicb Mo packpy-
yMBaloLLEencs cnmMpanu, nonaayT Ha Hero.

OnpegenvM nyTb, KOTOPLIA MPOXOOAT Pe30HaHC-
Hble WMOHbI, Mpexae YeM OHW nonagyT Ha Konnektop. Pac-
CTOSIHME PEe30HaHCHOro MOoHa OT ocu npuBopa ¢ TeyeHuem

BpemeHun nameHsietca no 3akoHy (M1.10). 3a spema dt won

npoxoauT nyTb dL (cm. Puc.3) , paBHbIn

dL =+/r2dg 2+dr?

(N.11)
Onpenenum d@ . Oins atoro npusepem (M1.10) k Buay

g, _
H

E
5 CO¢=a¢,

2Ha

cE
— 0
roe =__ VY
“ 2H «

16

OTcroga

dg =— (N.12)

Moactasnasa (M.12) B (MM.11) , nonyyum

2
dL = {[rj +1]dr (N.13)
a

WHTerpupys (IN.13) B npegenax ot 0 go ro ornpegenum nyTb L

NOHa:
1
2 2 2
L= CEO{ 2r0Hw+ 4r0Ha) v1l" s
4H w cE 2g2

(M.14)

[nsi omeratpoHa w~10°%10" cek ™ H~3510° 3; E ~
1 B/em

2rHa S

CE,

CnepoBaTtenbHO :

>1.
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Moatomy

214 2 2142
I_:erOH +cE0|n{4roHa)J:erOH
2 4H w cE 2

Mc Eo 0 Mc Eo

(M.15)

JNlerko nogcumutatb 4Mcno obopoToB N, KOTOpble CO-
BEPLUNT PEe30HAHCHbLIM MOH A0 TOro, Kak OH nonageT Ha Korl-
neKTop:

2
erOH

_ (M.16)
TE 0 Mc 2

t
= L:
=+

dr dL.

Pwnc.3.
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MakcumanbHasa BenIM4nHa ce4eHUsA MOHU3auum
HEeKOTOpPbIX aTOMOB U MOJIeKyn

ANMeKTPOHHbIM yAapoOM

E; - aHeprMa voHusaumu , aB ;

O - MaKcUMarnbHasi BefidnHa ceveHust noHmsaumm, 10° cv?.

2

AToMm , WNoH Ei, B o, 10 cm?
Monekyna
H H* 13.6 1.3
H, H," 15.6 1.01
N, N, 15.7 2.87
N N* 14.5 2.6
0, 0, 12.5 2.91
NO NO* 9.5 3.25
[ele) co’ 14.1 3.07
He He" 24.6 0.35
++
He 75.0 0.0015
Ne Ne:+ 21.6 0.78
Ne 63.0 0.45
Hg" 10.4 5.85
Hg Hg™ 30.0 0.9
Hg™" 71.0 0.02
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NABOPATOPHAA PABOTA Ne 2

OmeraTpoH

Llenbio HacToswen 3agayun asnsieTcsa getanbHoe 03-
HakoMneHne ¢ paboTon oMeraTpoHa M aHanmM3 MOHOB JIErKMX
Macc B COCTaBe OCTaTOYHOro rasa B namne.

C aTon uenblo B AaHHOM paboTe Mcnonb3yeTcst ycTa-
HoBka «WM3mepuTtenb napumanbHbix gasneHun  UMOO-12»,
OaTYMKOM KOTOPOro CNYXUT omeratpoHHas namna tuna PMO-
14C.

MNOO-12 coctout M3 criegyowmx YHKUNOHANbHbIX
ONOKOB: N3MepPUTENbHbLIN BNOK, BLIHOCHOM GOK, 9NEKTPOHHbIN
CaMOABWXYLLUNA MOTEHLMOMETP, 3MEKTPOMarHuT, oMeraTpoH-
Has namna.

B cocTtaB nameputensHoro 6rioka BXoasrT:
1.OneKkTpoMeTPUYECKMIA YCUNUTEND MOCTOSIHHOIO TOKa
Y3-126, cnyxawmi gnst YCUNeHnss U U3MepeHnst MOHHbIX To-

13
koB gatumka. JuanasoH nsmepsiembix Tokos ot 1110~ po

300" A

2.'eHepaTOop BbICOKOM YacToThl [-12 (25 kl'u-6,2 mly),
cnyawmn ans co3gaHus NepeMeHHOro 3reKTpUYecKoro noss
U UMEIOLNA YCTPOMCTBO A aBTOMaTU4eCKOW pasBepTKu Mo
yactoTe. ['eHepaTop MMEET HenpepbIiBHbIA OMaN030H 4acToT
oT 25 po 515 kl'y, a Takke 4yactotel 1,5; 2; 3 1 16 mlu. Bbl-
XOOHOE HanpsiKeHue reHepatopa perynmpyeTcss He MeHee,
yem ot 0,2 no 2 B Ha vacToTax 25-515 kl'y, n o1 0,4 Ao 4 B Ha
yactoTtax 1,5; 2; 3 u 16 mlu. HanpsikeHne Ha BbIxoae reHepa-
TOpa KOHTPONMPYETCS BONIbTMETPOM.

3.brok nutanms gatyuka ( BI1-12 ), Bknovawowmi B
cebs1 cxemy cTabmnusaumm Toka KOMneKkTopa Sr1eKTPOHOB (To-
Ka fny4va) u nuTaHus reHeparopa.

HasBaHue n HasHayeHue Bcex npubopoB, nepe-

KnioyaTenenm u pyyvek, MMerLKnXcs Ha nepefHen naHenn mus-
MepuTenbHoro 6roka NnogpobHO NpMBEAEHO B ONMUCAHUN.

20

Ot 6noka nuTaHusa K gaTtyuky (OmeraTtpoHy) nocTy-
nawT cregyrowmne cTabunuamMpoBaHHble HanpsXXeHUs nocTo-
SIHHOrO ToKa (OTHOCMTENbHO Kopnyca npubopa):

-100+£10 B «k«katoay,

+10+18B K Anadparme,

oT + 50 0o 100 B k konnekTopy aMneKkTpoHOB,

ot 0 go +1,5 Bk ynaBnuBatoLum nnactuHam (aHa-
nM3aTop MOHOB).

Puc.4. brnok cxema ycTaHOBKM:

1 - nugukatop U-2; 2 - ycunutenb anekTpoMmeTpude-
ckun Y3-2; 3 - 6nok nutanusa bl1-2; 4 - reHepatop I-2;
5 - paTumk PMO-4C; 6 - BbiHOCHOWM 6ok (npegycunu-

Tenb); 7 - camonucey KCI1-4.
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Puc.5. O6wun Bua nepegHen naHenum namMepuTenbHo-

ro 6noka:

1-akpaH uHgukatopa W-2; 2-TymGnep BKMIOYEHUS WUH-
aukatopa; 3-usamepuTenbHbll  npubop  (amnepmeTp); 4-
BKIMIOYEHNeY3-2; 5-1ukana v nepekntoyatens npeaenos name-
peHns Y3-2; 6-npnbop KOHTPONs 3a pexmmom paboTbl faTuu-
Ka; 7-npnbop KOHTpOns Toka Nnyya fgaTyuka; 8-BKrodeHue ns-
MepuTensHoro 6rnoka (Tymbnep «CeTb»); 9-BKnOYeHME KaToaa
patyuka; 10-BonbTMETP ANs U3MepeHusa HanpskeHus BY; 11-
pyyka U3MeHeHUs 4acToTbl reHepaTopa -2 u WwkKana 4acTtoT
(MHZz); 12-«[Tyck» n «CTon» aBTOMaTU4ECKON pa3BEPTKM Yac-
TOTHI.

Hakan gaTtyvka ocywlecTBNsieTCA MOCTOAHHBIM TOKOM
(hanpsikeHue 1,3 B).

22

11

4.bnok ocuunnorpaguyeckoro nHgmkatopa M2, koto-
pbii MO3BONSAET HabnwaaTk CnekTp Macc Ha akpaHe JJ1T. Ha
nepegHen naHenu mameputensHoro 6noka UMOAO-2 pacnono-
XeHbl cneayrowme pyvkum n Tymbnepsl (puc.5.): 6nok nuTanus
BN-2:

-Tymbnep «CeTb»-ONS BKAOYEHUS W BbIKITHOYEHMWS
npubopa;

-Tymbnep «Katoa»-ans BKMOYEHUS N BbIKMOYEHUS TO-
Ka, NMTaloLLLEero kKaTo AaTyuka;

-pyyka «TOK nyyYya»-Ang nrnaBHON PeErynupoBKUA MOHU-
3MPYIOLLEro TOKa B LIEMW KOMNMeKTopa 3MeKTPOHOB;

-pyyka «HanpspkeHue ynaBnvBaloLWMX NNACTUH»-ANA
NNaBHOW PErynvMpoBKN HanpsXeHUs Ha ynasfuvBalLWMX nna-
CTMHaX;

-Tymbnep «Tok guadparmbi»-«HanpsikeHne ynaenu-
BaOLLUMX MAACTUH» - AN MepeKYeHns cTpenovHoro npubo-
pa;

-tym6nep "LOUA—30uA" - ans nepeknoyeHns npe-
[ernoB n3MepeHus cTpenoyHoro npubopa;

-KHOMKa «TOK ynaBnuBaKOLLMX NMACTUH» (HaxaTb) -
Ons n3mepeHnst CTpenoyHbIM NpubopoM TOKa ynaBfmBaloLLNX
NNacTuH;

6nok reHepatopa I-2:

-pyyka «HanpspkeHwe B.Y.-4ns NAaBHOW PEryriMpoBKU
HanpshKeHns BbICOKOW YacTOThbl Ha AaT4ymKe;

-pyyka «HactoTa» - ons nnaBHOW pPerynmpoBKK YacTo-
Tbl FeHepaTopa;

-pyyKa «YCTaHOBKa HyneBbIX BUeHun» - Ang ycTaHoB-
KN Hyneebix OueHun reHepatopa. [lpy 3TOM LWKana 4acTtoT
[ormkHa BbITb YCTaHOBIEHA HA HYNEBYIO OTMETKY;

-pydka «Bpemsi pa3BepTku» - AN NepeknoveHns anu-
TENbHOCTU aBTOMAaTMUYECKOWN pa3BepTKM reHepaTopa;

-Tymbnep «lMonoca o63opax» - Ans NepeknoveHns no-
nocel o63opa npy aBTOMaTUYECKON pa3BepTKe 4YacToThbl reHe-
paTopa; B nonoxeHun «100%>» npou3BogMTCHA pas3BepTKa
BCEW LWKankbl reHepaTopa; B nonoxeHun «20%» npounssoguTcs
pa3BepTka 20% LKanbl reHepaTopa oT NtoboI YyCTaHOBNEHHON
4YacToThl;

-KHOMKK «[lyck» 1 «CTon» - Ona BKMIOYEHUA U ocTa-
HOBKV aBTOMaTU4YECKOW pa3BepTKy;
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-tymbnep "25V —5V" - ona nepeknioveHus npeae-
NOB U3MepeHnsi BONbTMETPa;

O10K 3NEKTPOMETPUYECKOTO yeunutens Y9-2:

-pydka «Bbikn-CeTb-MamepeHne» - Ana BKAOYEHUA
3NEKTPOMETPUYECKOTO YCUMUTENS;

-pyuka «[lpenensl n3MepeHnsi, amnepsl» - Ans nepe-
KIMOYeHMs NpeaenoB U3MePEHUs TOKa;

-pyyKka «YCTaHOBKa Hynsi» - ONs NMaBHOW YCTaHOBKM
HYNEBOrO YPOBHSI HA BbIXOAE YCUNUTENS;

-Tymbnep «llocTtosiHHasi BpemeHn - MeHblie - bornb-
Wwe» - Ons nepektovYeHnss NoCTOSHHOM BPEMEHWU YyCUNUTEens.
MonoxeHne «bonble» ncnonb3dyeTcss TONbKO Npu perucrpa-
UMM CnekTpa Ha IeHTe 3MEeKTPOHHOro MnoTeHuuoMeTpa Ha

LIKanax '1[&0_13A" " BEU.O_]'EA :

©nok unagukartopa U-2;

-pyyKka «SpKoCTb»- AN YCTaHOBKM Heobxoaumown sip-
KOCTU Nny4a;

-pyyka «CmelleHne X» - ons ynpasBreHus fy4yom no
ropusoHTanu;

-pyyka «CmelleHne Y» - gns ynpaBreHus ny4yom no
BepTMKanu;

-pydka «OcBelleHuNe WKanbl» - AN PeryrnmpoBKu sip-
KOCTM Nnamroyek OCBELLEeHUS LKanbl;

-pyyka «YcunexHue Y» - Ans nnaBHOW PErynmpoBKM
YYBCTBUTENBbHOCTU YCUNUTENS BEPTUKANIbHOIO OTKINOHEHMS;

-Tymbnep «Bkrn.» - onsa BkroyYeHnst 6roka.

MoagrotoBKa K U3mMepeHunsamMm.

1.Tymbnepbl «CeTb» (010K NUTaHUNA) N «Bkr.» (MH-
AVKaTop) MNOCTaBUTb B HWXHEE MOMOXEHWUE, pPydky «Bblkn.-
CeTb BKM.-M3mepeHre» NocTaBnUTb B NONOXeHne «Bblkn.»

2.Tymbnep «Katog» nNocTaBuTb B HDKHEE MONOXe-
HVe, pydky «TOK nydya» - B KpavHee neBoe NonoxeHue, Tymb6-
nep "1OuA—-30uA" - B nonoxenne "LOUA". TymGnep «[Mo-

noca o63opa» B nonoxeHue «20», pydky «HanpsixeHue B. u. -
B CpefHee noroxeHue.
3.MepekntovaTtene «[pegensl M3aMepeHua» nocrta-

0_10)_

BUTb B KpaiiHee nonoxenue |3 [IL

24

4.Pyyky «SApKoOCTb» MOCTaBUTb B KpanHee neBoe
nonoxeHue, pydky «CmelleHne Y» - cpegHee nosoxeHue.

MMonoxeHne pydek, He Ha3BaHHbIX BbILE, MOXET
ObITb NOGBIM.

5.Bkntounte Tymbnep «Cetb» (Bl1-2), BKkMOUnUTb
uHgukatop UN-2 tymnepom «Bkn.». BkrnounTb anektpomeTpu-
YeCcKU ycunuTenb, YCTAHOBUB BHavane nepeknyaTens B
nonoxeHne «CeTb BKI.», @ 4Yepe3 HECKOIbKO MWHYT B Morslo-
XeHue «MM3mepeHune».

6.0aTb npubopy nporpetbcs 30 MUH.

7.BkniounTb camonuilyuiMin  NOTEeHUUOMETp Tymb6-
nepom «[pubop». Bpemsa nporpesa npubopa He MeHee 5 Mu-
HYT.

8.lMpoBecTn npeaBapUTENbHYIO PerynmpoBKy reHe-
patopa: Tymbnep «lonoca 063opa» yCTaHOBUTL B MONOXEHWE
«20», Tymbrnep BONbTMETpa B MonoxeHue «2,5 B», pydkon
«4acToTa» yCTaHOBUTb LUKaNy Ha HYNEeBYI OTMETKY, MIaBHbIM
BpalLleHMeM pYy4YkM «YCTaHOBKa HYrNeBbIX OMeHu» gobutbes
HyneBbIX 6ueHn. KoHTponb HynesbiXx BUeHW OCyLLEeCTBNATb
no nokasaHvsiM BONbTMeTpa reHepaTtopa (Npu Hanu4uMu Hyne-
BbIx GBUEHUI nokaszaHus BONbTMETpa pes3Ko nagaloT 4O Hyns),
Tymbriep «lonoca o63opa» nepeknyYnTb B MNOMOXeHue
«100».

BHUMAHUE!' MNpu nepexoge c amanaszoHa 20 Ha
100 Heob6X0OAMMO npeaBapUTENibHO YCTaHOBUTb LUKany
reHeparopa pydkomn «4actora» Ha HyneBYyI OTMETKY.

9.Pyuky «ApKoCTb» MOBEPHYTb BNpaBo 4O NosBne-
HUS B NEBOM HWXHEM Yriy 3KpaHa CBETALLENCH TOYKKU (ny4a)
HeBOoNbLLON APKOCTW.

10.Pyykamun «CmelteHne X» un «CmelleHune Y» no-
CTaBUTb Ny4 Ha HYNeBYK OTMETKY MacLITabHOW CeTKM MHAMKa-
Topa.

11.Pyykon «YCcTaHOBKa HyNnsS» YCTaHOBUTb HYNeBOW
YPOBEHb Ha

BbIXOOE 3JIEKTPOMETPUYECKOTO YCUNUTENSA Ha npege-

ne 1[]].0_13  BHOBb YCTaHOBUTL Bornee rpybyto wwkany.
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12.YcTaHOBUTL HanpsKeHue yrnasnmBalowWmx nna-
ctvH 0,4 B.

13.Mpunbop rotoB k paboTe U MOXHO NPUCTYNUTL K
NPOBEAEHUI0 3anncKu CnekTpa, HeobXxoanMbIX HabNAEHUA U
Nn3mMepeHui.

NMpoBeaeHne n3aMepeHUn.

1.BkntounTtb anekTpomarHuT (BKIKOYEHUE ocylue-
CTBNAET AeXYPHbIN NepcoHan).

2.Bkniounte Tymbnep «Katog». MeaneHHo Bpa-
WwaTb pyyKy «TOK Myda» [0 NosiBNEHWsI ToKa nyya B 2 LA (Tok

Avadparmbl Npy 3TOM He AOIDKEH npeBbilwaTtb 80 LA U vem

OH MeHbLLE, TEeM fydLle).

[ns HacTpoOMKM Ha MUKN WOHHBLIX TOKOB BPYYHYHO
cnegyeT ycTaHOBUTL NepekntovaTtenb «ocTosiHHasa BpeMeHu»
B NonoxeHue «bonblie» n BBECTU BbicOKoYacTOTHOEe none 1,0
B Ha uyacTtoTe 100 kl'y. Mpeaen namepeHust anekTpomeTpuye-
CKOr0 YCUNUTENS AOMKEH ObiTb BbiOpaH B COOTBETCTBUM C aM-
NNMTygaMyM NUKOB B CrekTpe macc (kak npaBwuio, B Hallem
cnyyae NCNonb3yloTcs npeaensol
3mo 0 1mo10a 1mo1la).

3.BHavane uenecoobpasHo Habnwaatb MNOJSHbIN
CMEeKTP Macc Ha 3KpaHe MHAuKaTopa. OTO Mo3BONSAEeT AocTa-
TOYHO ObICTPO NONY4YUTb NPeACTaBMEeHNE O KAYECTBEHHOW Kap-
TMHe cocTaBa rasos.

Jly4 Ha akpaHe MHOuKaTopa nepemeLlaeTcst Mo ro-
PU30HTaNM CUHXPOHHO C U3MEHEHMEM YacTOoTbl reHepaTopa.

[Ons HabnogeHns cnekTpa Macc Ha aKpaHe UHAOW-
KaTopa HeobXxoouMO YCTaHOBUTL nepekntovatens. «lpeaensl
n3mMepeHns» B oJHO n3 NOSOXEHNN

BEU.O_]‘OA; 1[[].0_1OA; l[[].O_llA, BBECTW B.Y. Mone

1,0 B Ha yacToTe 100 kI'u, pyykon «HacTota» ycTaHOBUTbL Yac-
TOTY reHepaTopa Ha Hynb, py4yky «Bpems passepTku» nocta-
BUTb B NonoxeHune «16», Tymbnep «lonoca o63opa» - B no-
noxeHve «100» M HaxaTb KHOMKY «[lyck» aBTOMaTuyeckomn
pa3BepTKkM YacToThl. [1pn HEOBXOAMMOCTM OCTaHOBKU aBToMa-
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TUYECKOW pasBepTKM 4acTOTbl credyeT HaxaTb KHOMKY
«CTon».

4.3anucatb CMNEKTP, BKIHOYMB JEHTOMPOTSIKHbIN
MexaHu3M camonucua Tymbnepom «[uarpamma». Pyuyky
«Bpems passepTkn S» (['2) neped 3anucbio cnekTpa nocra-
BUTb B nonoxeHune «1000».

3anaHue.

1.MpoBecTn NoAroToBKY K WU3MEPEHWsM COrnacHo
HacTosLLEMY OMUCAHNIO.

2.BbinonHnTb onepauuun, ykasaHHble B pasgene
«[poBegeHne namepeHnin».

3.lMpoHabntogate Ka4eCTBEHHYK KapTUHY ChekTpa
Macc Ha aKkpaHe ocuunnorpada.

4.3anncatb CMeKTp MacC OCTaTOYHbIX rasoB (T.e.

CHATb 3aBuCUMOCTb |, = f(l/)) C nomouypto camonucua. Uc-
nosib3oBathb npegensi n3mMepeHus:

3o 10aA 1m071%A wn 1m071LA | B cnyuae ve-

06X04MMOCTM MOXHO 3anucaTtb MHTepecyrou.u/lﬁ y4acCTOK Cnek-
Tpa, Ncnonb3ys bonee ‘-IYBCTBI/ITeJ'IbeIVI npepnen anekTpomMeT-

puyeckoro ycunutens ( 1Dl0_11 ).
5.00ns ogHoOro 13 nukoB (CpeaHen UHTEHCUBHOCTK)

ncenenosaTb 3aBUCUMMOCTb I'IpOC*)VIJ'Iﬂ JIMHUN OT BEeJINYUHbI EO’

Ons Yero 3anucatb 3TOT MUK NPU pasfinyHbIX amnaMTygax Ha-
NPsSXeHHOCTM anekTpuyeckoro nons. [pu HeobxoanmocTu
CKOPOCTb MPOTSKKN ANarpaMMHON NEHTbl MOXHO U3MEHUTb.
6.0npenenuTb Maccbl U OTOXAECTBUTb UOHbLI OCTa-
TOYHOrO ra3a B OMeraTpoHHON namne.
7.0na kaxporo copTa MOHOB paccyuMTaTb 4MCO
obopoToB N, paspeluaroLlyo cnocobHocTb R, AnWHY nytu S,
aHeprno W.
PacuyeTbl npeactaBnTh B BUAE Tabnmubl.
Hanpumep, (npu r =0,8 cMm.):
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Macc.

n, H, E,, Coprt R n S, W,
Ky, OpcT | Blem yncrno | noHos cMm 3B

5200 | 400 |1 1 H* 43 |82 | 708 353
374 | 400 1 14 N* 32 20 51 25

186 | 400 1 28 cCoO *|16 10 25 13

N
8.Mpu nomoun rpaduka | = f(V) OUEHNTb Npo-

LEHTHbIA COCTaB rasa B famne W paspeluaroLlyto cuny ans
PasnNMYHbIX NOHOB.
BenuunHa makcmmanbHoro (B nuKe) MOHHOIO Toka

|k Ha KONMNEeKTop npu npo4mx paBHbIX YCNOBUAX Nponopumno-

HanbHa KOHLIEHTpaLum Nk " Uk -CEeYEHNI0 MOHM3aLMK aTo-
MOB (MOINEeKyn) AaHHOro «K» - copTa MpsiMbIM 3MEKTPOHHbLIM
yOoapom, T.e. ik ~ Nk [Uk. CnepoBaTerbHo,
> i = > N\ 0 (cm[5]cTp.9-11, 34-39).

CeueHnsa noHmsaumm ans aToMoB (MOJ'IeKyJ'I) pPa3finyHbIX ra3oB
npmBegeHbl B an/IJ'IO)KeHI/II/I.
To obCcTOATENBCTBO, YTO BENMYMHA WMOHHOrO TOKa

ik Ha KOMMEeKTOp MponopuMoHaribHa KOHLEeHTpauuy aToMOB

Nk , AenaeT BO3MOXHbIM MUCMOJIb30BaTb OMEraTpoH B Ka4e-
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cTBe fgatymka gaenenun (P ~ N ~|k, YTO OCOBEHHO BaXXHO Npw
-5 _ .19
manbix gasnexusx (10 10 ¥ wmm.pr.ct.)).

B aTOoM kayecTBe ucnonb3yeTcs omeratpoH B npubo-
pax AMNOAO-1 n UMJAO-2.
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NabopaTopHas pabota Ne 3

MoHu3auma aTOMOB U MOJIEKYS 3NTIeKTPOHHbLIM
yAapom.

BBeneHune

CTONKHOBEHMS 3MEKTPOHOB C aTOMaMu U MOJIEKY-
naMmy MOryT COMpPOBOXAATbCS, €CNW NO3BONISET 3HEprus, Le-
NbiM PSiAOM Heynpyrux MpoLeccoB, Takux Kak BO3OYxaeHue
3MNEKTPOHHBIX, konebaTenbHbIX, BpallaTeNbHbIX CTENEHeN CBO-
60abl, MOHU3aUna n guccoumauuns. 3PPeKTUBHOCTb ITUX NPO-
LLleCCOB MpU HEN3MEHHOW CKOPOCTW 3MEKTPOHOB pa3Has 1 xa-
pakTepusyeTca apPeKTUBHbIM CeYeHNEM UMK MpoLle - ceve-
Huem paccesHuss 0 , NpeacTaBnsAloWMM BEPOATHOCTb AaHHO-
ro mpouecca, BblpaXeHHyl B eaumHuuax nnowagun. CeyeHuve
NpMbNMKeHHO MOXHO NMpeacTaBuTb cebe kak nrowanky («no-
NnepeyHoe CeYeHmne»), OMMCaHHYD OKOJI0 aToMa UM MOJIEKy-
nbl, MoONagas B KOTOPYK 3MeKTPpoH obs3aTenbHO npousseneT
Heynpyroe CTOJIKHOBEHME TOro WM WMHOro Tuna. BemnuuuHa
3TON Nnowagku, a, cnegosatenbHO, 3OEKTUBHOCTL peakLumnm
3aBMCUT OT TUMNa peakumu, BHYTPEHHMUX CBONCTB YacTuLbl MU-
LUEHN N OTHOCUTESNIBHOWM CKOPOCTU CTONKHOBEHMS. Kak npasu-
no, ceyeHne nbBOro Heynpyroro npouecca Kak oyHKUUN CKo-
pOCTM (UNN 3HEPTUMN OTHOCUTENBHOIO ABMXKEHUS) NPeacTaBns-
€T cobOol KPUBYK C MaKCMMYMOM, Ha4yano KOTopow onpepens-
€TCsl MOpOroBoKr 3Heprunen (CMm. puc.6) OaHHOro Heynpyroro
npouecca (BMECTO TepMUHA «HEeynpyruidi npoLecc» 4acTo
ynoTpebnserca TepMuH «peakums»). Mbl 6ygem mdydatb no-

HW3aLMo aTOMOB U MOJIEKYT NTEKTPOHHBIM YAapOM.
O6bIYHO 3HaYeHWe cevyeHus MoHM3auun J; B Makcu-

Myme no nopaaky BEJTMYUNHbI cocTaBndeT

10161017 2,
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a(E)

03T

0251

02Tt

0157

01T

005t

D1 2 3 43 6 7 § 810

E/I

Punc.6.3aBUCMMOCTb CeYEHNsT MOHU3ALUKN OT SHEPTUA
3NEKTPOHOB.

PacuyeTt ceuyeHns noHM3aLM1 NPeAcTaBrsieT CIIOXHYHO
KBaHTOBO-MeXaHM4eckylo 3agadvy. PelueHne ee BO3MOXHO 1 B
pamkax Krnaccmyeckoro noaxoga, OAHaKo, pesynbTaT B 3TOM
cnyyae MoxeT npeTeHAoBaTb NULLb Ha KavyeCTBEHHOe onuca-
HUe ABMEHMS.

Mbl ocTaHoBMMCSt Ha Hambonee NPoCTon Knaccuye-
CKOM MOZEenu onmucaHusl akta MoHM3auum atoma 31EKTPOHOM

,ApegnoxenHon B 1912 rogy [x. TOMCOHOM.

Mpexpe Bcero TOMCOH OTKasancs oT yyeTa ABuxe-

HWsi aTOMHOrO 3anekTpoHa. lMonarasi, YTo 3NeKTPOH MOKOUTCS,

OH B TO € BPEMS CBsi3an ero ¢ s4poM, kak obbl4HO B aTOMe,
aHepruen cBA3N paBHOM NoTeHumany noHunsauum | .

3ameTm cpasy, 4YTO NpuUONMXKEHME MOKOSILLErocs

3M1eKTpoHa CNpaBeAnvBO fMKWLLb NPU YCIOBUM, YTO SHEPIUsi na-

JaloLLEro 3MeKTpoHa MHOMo 6orbLIe 3HEPTMN CBA3M (E >> | )

unn Bonee TOYHO - CKOPOCTb MafdaloLEro 3NEKTPoHa MHOro
BornbLue CKOPOCTN aTOMHOrO 3MEeKTPOHa

Ha cnepytowem stane TOMCOH onycTun M3 paccmoT-
peHuns sapo, nonarad, YTo NajaroLUMin ANEKTPOH yMNpyro pac-
CenBaeTCs Ha MOKOALLEMCS 3NEeKTPOHE, KOTOPbIA MOXET ObiTb
COBUHYT ¢ MecTa nuwb npu E > 1, (aHe npn E > 0, kak npm
YNpPyrom paccesiHum Ha cBOOOAHOM 3nekTpoHe). Tenepb, pac-
cmaTpvBas yrnpyroe paccesiHue [OBYX 3apsbKeHHbIX YacTuu,
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(3nekTpoHoB), Heobxoammo Obino onpeaenutb adpdekTnB-
HOCTb Mepeadn aHeprun nagjarolien 4acTuubl MOKOSILLENCS.
Ecnu npeacrasnsaeT nHTepec acheKkTMBHOCTb Nepegayn 4onm
aHeprun ot E go E+AE, 1o a1y 3apauy peluaet amdpde-
peHUunaneHoe cevyeHne (He nonHoe). [OuddepeHunansHoe
ceyeHue npeacrtasnseT cobon [OM0 MOMHOrO CeyeHud, xa-
PaKTEPU3YIOLLLEro TOT MM MHOW NPOLIECC pacCesiHus B MarioWn
obnacTn M3MeHeHUs nepemMeHHbIX, OT KOTOPbIX OHO (andde-
peHuMansHoe ceveHne) 3aBucut. Hanpumep, ymcno paccesiH-
HbIX B €4VHMLY BPEMEHMN 4acTul 3aBUCUT OT yrna paccesHus
6. MoxHo BBecTu anddepeHumansHoe (Mo yriy paccesHus
0) cevenne do/d@ , xotopoe 6yaet onucbiBaTh apdek-
TMBHOCTb NpoLecca paccesHus B obnactu yrnoes ot & no

6 +d6 . NmeHHo Takylo BenuuMHy usydyaioT B 3adade «OnbiT
Pesepdopaa». MoxHo BBectu auddepeHuymnansHoe (Mo ne-
penaHHomn aHeprum E) ceuenne do/dE wu torpa oMo, kak
roBOPUIoChL Bbille, ByaeT onuchbiBaTb 3PEEKTUBHOCTbL MPO-
Llecca nepefayn 3HEpruy B Manyl 3HepreTudeckyto obnactb
ot E po E+dE. Bbuluncnenve 3ton BenuuuHbl NpuBoauT
(cm.[1], bopmyna Pesepdopaa, a Takke [2], rn.1) kK bopmyne

_ et dE

do; “TE =2

@)

Tenepb, 4TOGbLI NONYYNTH MOMHOE CEYEeHUE WOHU-
3auum cnegyeT nuwb npouHTerpuposaTth (1) B npegenax ot
MWHMMAaNbHO BO3MOXHOW A0 MakCUManbHO BO3MOXHOW nepe-

OaHHOM 3Hepruu, T.e. oT | ao E.

ne4J'dE_77e4 1 1
I E ‘g2 E U E

RN 2
samaz| Y| | L-12

—- 2
| | |E g2 @
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3pecb Ry (uutaetca «Puabepr») BenuvunHa, paBHasd
noTeHumany noHusauum atoMa Bogopoaa

n a, -paguyc nepson opbutbl aToma BoAOpPOaa, HasbiBaeMbIi
«BOPOBCKNM» pagnycom

2
a =" =05201108 cu?

Me2

(no Bonpocy «atoMm Bopa» cm.[3]). UHTepecHO OTMEeTUTb, YTO
HecCMOTps Ha BecbMa rpybyo Moaenb, nonyvyeHHas dopmyna
(2) npaBUIbHO OTpaXkaeT Ka4YeCTBEHHbIE 3aKOHOMEPHOCTMU.

Kpueasi umeet nopor (npu E=1), wmakcumym u ¢
pocTom crnagaeT kak 1/ E ! Yno6Ho Bmecto E BBecTu nopo-
roeble eanHuubl aHepr XY = E/ |, Toraa dhopmyny (2) mox-
HO nepenucaTb B BUAE:

2
Ry V"1 1
oo =4ma’|—| T[1-= 3
i 0
L oxU oy

3aBMCMMOCTb OT 3HEPIMU COAEPXKUTCA B «yHUBEP-

1
canbHo» dyHkuum —|1—— | , oguHakoBoi OnA Bcex

aToMOB, OHa u306paxeHa Ha pwc.6.
3HayeHe cevyeHMss B MakcMMyMme Bceraa npencras-
nsieT ocobblil MHTepec, Tak Kak ABMAETCA OOHOM M3 XapaKTep-

! KsaHTOBas MexaHuKka OnuMcbiBaeT nosefeHne ceue-
HWs B obnactu Gonbwmx E dyHkumen (L/ E)[InE
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HbIX BENMYUH ONsi AaHHOro Tuna peakuun. M3 cdopmynbl (3)
CreayeT, YTO MakCUMyM NEXWT npu Y = 2 T.e. Npu ABYX Mo-

POroBbIX 3HAYEHUSX SHEpPruM, U BENUYMHA CeYeHUs B ITON
Touke paBHa ( cm. Puc. 6)

2

Ry
oM™ =1 af — @)

Tak ans atoma sogopoaa |, = Ry u G"™(H) = Tha,” ~ 910
17 2
cm %

ans renms (| He = 246 5B) - 0™ (He) = 0.3*Tl,” ~

3*10"" cm 2. Mockonbky popmyna ToMcoHa HenpuMmeHumMa npu
ManbIX 3HEeprusx, B TOM yucne u B obnactm makcumyma, To
nony4eHHble pe3ynbTaTbl He MOTYT ABMAATLCHA OLEHKOW KayecT-
Ba NpUHATOM mMogenn. Tem He MeHee NpoBedeM CpaBHEHUE C
SKCMEePUMEHTanNbHO MOMYyYeHHbIMY pesynbTaTamu.

Tak gns aTtoma BOAOPOAa MaKCMMYM B CEYEHUM HaxXOAUTCS

- max(,y\ — 17 2
npu X =4 u paseH Ui a (H)—?EI.O cm=, a ans aro-
Ma renusi npu X = 5u paeen 0" (He) = 2*10™ cm 2.
Takum 06pasoM, pasnuuus Mexay SKCrepuMeHTasb-
HbIMU M TOMCOHOBCKMUMM 3HAYEHUSIMW KacaloTCsl B OCHOBHOM
MNONOXeHUss MakcUMyMa, a He ero BermyuHbl. M3 nposeaeHHo-

ro CpaBHEHUSA MOXHO cAaenaTb BbIBOA, YTO dhopMynia TomMcoHa
MOXeT CNyXWUTb Ans rpybbix oueHok. Ee npocTton aHanutudye-

CKWUIA BMA OYEHb yp,06eH Ana ncnonb3oBaHUA Ji B pac4eTax.

YacTo ucnonb3yloT pasnuyHble aMnvpuyeckue mogudmkaumm
aTon hopmyrnbl.

34

Kak yxe yka3pIBajoCh BbIIIE, B HACTOALICH pabo-
T€ JUId OIpeleNieHus J;  CIY)XUT  OMEraTpOH.

2 4

Puc. 7. Cxema coenMHEHHS DJIEKTPOJOB OMETa-
TPOHA CO MITHIPbKAMH U TUTIOBOM PEXKUM PaOOTHI JIAMITHI:
l-noakaronnas nuadparma; 2, SBHICOKOYACTOTHBIC TIIA-
crunbl, 3, 9«aron; 4-kamepa (aHanM3aTop HOHOB); 6-
KOJUIEKTOP AIEKTPOHOB; 8-3emitsi; K- KOIeKTOp HOHOB.

HanpsbkeHve Ha kaToge, B,  muHyc 100 ts5,
HanpspkeHve Ha ynasnusatowmx nnactuHax, B, 0-1,5

HanpsixeHvne Ha nogkaTtoaHow anacparme, B, 10 to05
HanpskeHne Ha KonnekTope anekTpoHos, B , 100t 10
Tok Ha KonnekTope anektpoHos, (KA ,  ~10.

Bce HanpsikeHus ykasaHbl OTHOCUTENBHO 3emnu.
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Cxema BKIHOUYEHUSA oMeraTpoHa.

Ha Pwuc. 8 npeacrtaeneHa anekTpuyeckad cxema
BKITHOYEHUS1 OMeraTpoHa , Ha Puc. 9 - obLwuin BUA yCTaHOBKM.

N3 @

Kg Heron | | oerowmna 2|

@—/——Iﬁl—m——ﬂwg L L L
298 29B  999B Puc. 9. Ooo6wmin BUA YCTaHOBKU: 1-
SMNEeKTPOMETPUYECKUI YCUNUTEND  M3MEPEHUS MOHHOTO TOKa;
EI—]I{H 0B 2-yactoTomMep (M3MepeHue 4YacToTbl reHepartopa); 3-
YHWI1-5-6nok nutaHus; 4-6nok nutaHna Hakana namnsl TOC;
- + _/' 5-MuKkpoamnepmeTpbl Ans ycTaHoBMNeHus pexuma namnbl (N1,
TEC-TH K N2, N3); 6-amnepmeTp ons n3MepeHus Hakana namnel; 7-
4 6rnok nutaHus B13-3 (k100 B u +100 B); 8-uudposon
BONbTMETP; 9-reHepatop YactoThbl [3-111; 10-pydka perynu-
pOBKM BbIXOAHOrO HanpshXeHusi reHepaTopa ; 11-npubop
Puc. 8. OnekTpuyeckasi cxema BKITHOUEHUS] OMeraT- Ansa yCTaHOBKM CMELLEHNsI Ha Kopryc omeraTpoHa; 12-
poHa. KHOMKa BKIHOYEHUS marsuta; 13-snektpomarHur; 14-

aMnepMeTp A5 UISMEPEHUS TOKa MarHuTa.
OwmeraTpoHHasa namna noMeLlaeTcs Mexay nonto-
caMn NOCTOsIHHOro MarHuta M (Mnu anekTpomarHuTa). Onek- AMnepMeTp MarHuta A
TPOMarHUT NUTaAeTcsl WUCTOYHMKOM MOCTOSIHHOrO TOKa Hanpsi-
»eHnem B 110 B.

.+ KaK 1 BCe M3mepuTeribHble
npuBopblI BMOHTMPOBAH B M3MEPUTENbHbBIN LLIMTOK YCTaHOBKM.
Khonka BkntoyeHust marinta K| pacnonoxeHa Ha TopLeBoii

naHenn ycCTaHOBKW. BennymHa marHuTHOro nons YKa3aHa B
nacnopTe yCTaHOBKW.
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BkritoyeHne uenn Hakana oMeratpoHHOW namnbl
ocyulecTBnsieTcs Tymbnepom KM, KOTOpbIN Kak M BCE OC-

TanbHble Tymbnepsl (K;, K,, Kj;) pacnonoxeH Ha cneuu-

anbHOW NaHenu Ha uamepuTensHoM wuTtke. Llenb Hakana ome-
raTpoHa nuTaeTcs cTabunuanpoBaHHbLIM BbINPSMUTENEM TuNa
TOC. BennumHa ToKa Hakana ykasblBaeTCsa B Macrnoprte ycTa-
HoBKW. Heobxogumble ans HopmarnbHoW paboTbl Nnpnbopa Ha-
MPSPKEHWS Ha KaToAd, Ha gwadpparmy, Ha aHog M CMeLLeHne Ha
Kopnyc nogatwTcs cO CTabunmnanpoBaHHbIX GrOKOB MNUTaHUSA
B3-3 (unn B5-50, B5-49) n YHUI. (CM. anekTpnyeckyto cxemy
Ha KOHKpeTHON ycTaHoBKe). KoHTponb 3a pexumom npubopa
OCYLLLECTBMSIETCH MO MOKa3aHUAM MWKpOaMnepMeTpoB pacno-
NOXEHHbIX Ha LWMTKe ycTaHoBKM OnTUMarbHble 3HAYEHUsI TO-
KOB yKa3aHbl B MacnopTe yCTaHOBKMW.

Ha nnactuHbl 2 1 8 nogaeTcsa BbICOKOYACTOTHOE
perynupyemMmoe HanpsbhkeHne c reHepartopa [3-111, koTopoe
MOXeT MeHATbeca oT 1 B go 15 B. Pyyka perynupoBku aTOro
HanpsKeHUs pacrnorioxeHa Ha nepegHen naxenu 3-111. nga
onpegeneHnsl 4actoTbl MOAABAEMOro HaMpsPKEHUs UCMOMNb3y-
eTcsa unMdpoBON YacToTOMEp.

M3meHeHne 3Heprum anekTPOHHOro ny4vka ocylle-
CTBNSIETCA M3MEHEHWEM BbIXOLHOTO HAMPsKEHUS UCTOYHMKA
11 6noka nutaHua B3-3, nogaBaemoro Ha auadparmy. Benu-
YMHA STOrO HarpsPKEHUST KOHTPONMPYETCS LMAPOBLIM BOSbT-
meTpom B7-38.

MopAnoK BbINONIHEHUA PaboThbl.

lMocne BKMOYEHUSA BCeX Lenen yCTaHOBKM (3a uc-
KIMOYEeHMeM BbICOKOYACTOTHOWN) criegyeT ybeauTbCs, YTO TOK

Hakana namnbl |, =12 A 3atem npu nomowm noTeHuMo-

meTpa (10 kOM) «CMmelleHVe Ha Kopryc» ycCTaHaBMnMBalOT
CMeLLeHMe Ha Koprnyc kamepbl 1 B 1 npoBepslT nokasaHus
MukpoamnepmeTpoB Ne 1-3. [Ins oTbioCTUpPOBaHHOIO npubopa

3HaueHuss TokoB B aHogHom uenm | =5-15 LKA
(UA  Ne3), B uUenu  avadparmbl | = 40-80
38

,ukA(,uA (Ng )) B uenu kopnyca
| < 001 KA (,UA NQZ). Ecnu npnbop He OTLIOCTUPOBaH,
TO NpU MOMOLM BWHTOB [epxaTensd OMeraTpoHHOW Iamnbl
NNaBHO MEHSAIOT ee pPacnonoXeHne B MarHATHOM nosne 4o Tex
nop noka He [06LIOTCSA ONTMMAanbHbIX MOKa3aHUN MWUKPOaM-
nepmeTpoB Ne 1-3 (npu atom ocb OO, Gyaet napannensHa H
(pnc2)). YbeamBLuUCh, YTO NpMBOP OTHLIOCTUPOBAH, BKMNOYaOT
BbICOKOYACTOTHYO Uenb (reHepatop [3-111), npuyem onTtu-
mManbHylo BenuumHy E, yctaHaBnuBawT ¢ noMoLblo pyyku
NNaBHOM PEryrnvpoBKM BbIXOOHOrO HanpsiXeHusi reHeparopa.
3aTeM, MeHsia 4acToTy reHepartopa B npegenax 20 kly - 12
ML, onpeaensiioT 3aBUCMMOCTb BEMUYMHBI  MOHHOTO Toka |4
OT 4acToTbl V (BENMMYMHY MOHHOrO TOKa M3MEPSAT 3MEeKTpo-
MeTpu4eckuM ycunutenem ¥Y5-6) u ctposit rpacpuk |, = f(V)

(puc. 10).

B ocHoBy paboTbl aMeKTpOMETPUYECKOro ycunure-
Nsi MONOXEH NPUHLUMMN M3MEPEHUs criabbiX TOKOB MO BENUYUHE
nageHnss HanpsXXeHns Ha N3BECTHOM COMPOTUBNEHUN («BXOA-
HOe conpoTUBNEHME» Ha nepeaHen naHenu npubopa). Vicxoa-
HbIi Tok onpegensietca kak la = U g / R

B okpecTHoCTM nukoB |, oTcYeTbl AOMKHbI BbiTb Bbl-
MONMHEHbI 3HAYUTENbHO Yallle C TeM, YToGbl NPodUnb NUHNUM
MoHa Obin HagexHo onpeneneH. AMNNUTYAbl NMUKOB WMOHHOIO

TOKa MOTYT pasnuyaTtbCs Ha ABa U Gonee nopsiakoB, NO3TOMY

npu uccrneposaHum 3asucumoctu |, = f(V) Heo6GXxoaMMo

crneavTb 3a COOTBETCTBUEM LUKASbl BONbTMETPA 3/1EKTPOMET-
pudyeckoro ycunutens Y5-6 BenuunHe MsMepsieMoro curHana
(cBOEBpPEMEHHO NepekntoYaTh LKarnbl BonbTMeTpa Y5-6).
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Puc. 10. N'padmk 3aBUCUMOCTUN MOHHOIO TOKa OT YacTOThl.
M3mepeHune cevyeHMss MIOHU3aALUN.

Boiwe yxe oTMevanocb, 4TO B [JdaHHOW paboTte
oMeraTpoH UCMONb3yeTcsl Ans U3yYeHUs CeYEHMS MOHU3aLUM
aTOMOB W MOIeEKyrn anekTpoHamu WM3meHsis HanpsbikeHue Ha
nogkaToHow AvadpparmMe nomny4yaem BO3MOXHOCTb perynmpo-
BaTb 3HEPruI0 ANEKTPOHHOrO Myyka SNEKTPOHbI, NPONAsA YCKO-
psiollee none, nonagatT B KaMepy CTONKHOBEHWIA W, OBwra-
SICb MO €e OCW, MPOM3BOAAT MOHMU3ALMIO aTOMOB M MOIEKyn
rasa, Mpy 3TOM YMCO BO3HMKAOWMUX B €OVHNULY BPEMEHU WO-
HOB [aHHOro CopTa MOXHO OMpeAenuTb M3 JOCTATOYHO O4e-
BWOHOrO COOTHOLLEHMS

k _ 53 k
Ii _IaNkJi L . 5)

roe Iik -MOHHbIN TOK (MOHBI k-oro copta); |a - ANEKTPOHHbIN

TOK (TOK B aHOAHOW uenu 1); Nk - KOHLleHTpauus atomoB k-

k
0oro copra; Ui - ceyeHve noHm3auum atomos k -oro copra; L -
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ANVHa Kamepbl CTOMKHOBEHWI (BOOMb 3MIEKTPOHHOMO Mydka).
Takum 0Gpasom, ceyeHre MoHM3aLmMm

1 k
ok=-__1 (6)
! 19N, L
a k

I/Iamep;m 3aBNCNMOCTb ||k OT Hanpsa>XXeHunAa Ha nogka-

ToOHOW Auadparme Ug, 3Has IZ, Nk n L. onpegenum

3aBUCMMOCTb CeYeHUA MOHU3aUunn OT ISHEPrnn IIEKTPOHOB.
Nk onpenendeTca nNo U3BeCTHbIM 3HAYeHNUAM MapunarnbHbIX

OaBneHnn Pl ana pas3fnnyHbiX COPpTOB MOHOB , NpUBEOEHHbIX B

Tabnuue nacnopTa yCTaHOBKMW.
Heobxoaumo nmeTb B BMAY, YTO OMeraTpoH pasae-

nseT noHbl no oTHowernio Z€/M , nostomy ABa pasHbix no
NPVPOE MOHA, HO C OAMHAKOBLIM YAEerbHbIM 3apsaoM GyayT
HeoTNMuNMbl. OAMHaKOoBbIN yaenbHblii 3apsa Z€/M  moryt

UMeTb, C OQHOWN CTOPOHbI, MOHbI OAVHAKOBbLIE MK 6nun3kue no
Macce M C oaMHakoBbiMM Z (3TO Hanbonee xapakTepHO OIS
MOJIEeKyn), C APYro CTOPOHbI, MOHbI Pa3HON MaccChbl, HO C TaKoN
KpaTHOCTbO Z, KOTOpas NPUBOAUT K OAMHAKOBOMY yAeNbHOMY
3apsgy. lNocnegHue, kak NpaBuno, He BHOCST B60MbLLION Heon-
pefeneHHOCTU, MOCKONbKY CeYeHUst 2-X, 3-X U T.4. KpaTHOM
MOHM3aLNN 3HAYUTENBHO MEHbLUE CeYEeHMsI OLHOKPATHOM WO-
HU3aUUKN U TOK TakMxX MOHOB Ha KOSMMEKTOpP He3HauuTeneH. B
crnyyae, Korga pasnuyHble oaHO3apsioHble WMOHbI obnagatT
O[VMHAaKoBOM mMnNu 6nmskon (B npegenax paspellatollent crno-
cobHocTM npubopa) Maccon, Ux BKNadbl B MOHHbIN TOK CTAHO-
BUTCA CpaBHUMbIMW. B 3TOM criyyae KpuBas 3aBMCHMMOCTM

Ui(E) ABNAETCA CyMMapHOW KPUBOW 3TWUX MOHOB. [ockonbky

noteHuymanbl MOHU3aALMM aTOMOB Pa3JINYHbIX 3J1IEMEHTOB OT-
M4arTCd, TO Ha KpMBOI7I O](E) MOryT NpoABUTLCA MPU3HaKn

HanoXeHuna COOTBETCTBYKOLWIEro 4ucna KpuBblX, CAOBUHYTbIX
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APYr OTHOCWUTESbHO Apyra Mo MOpory MoHW3auuu. Ons Toro,
YTOObI CHATb 3aBUCMMOCTb MOHHOIO TOKa Iik OT 3HEeprun anek-

TPOHHOrO Ny4yka, HeoBGX0AMMO HACTPOUTb YCTaHOBKY Ha Mak-
CMMYM NWKa WCCIELyeMoro MOoHa, YCTAHOBUB OMTMMasbHOe
BbIXOAHOE HanpshkeHve reHepartopa.

Ons N3MEepPEHNA yCKopAoLero HanpsaxeHua Ug MeX-

Oy anadparmMon n KaTogoM UCnonb3yetcs UnMdpoBON BONbT-
meTp B7-38. Pyuku 1, 2, 3 6noka nutaHusa b3-3 (ctouHmk 11)
N3MEHSIOT ycKopsiowwee HanpskeHne ot 0 go 150 B, npu atom
pyyka 3 MO3BONISIET MMABHO U3MEHATb HanpsxeHue B npege-

nax 1-3 B. Mpu cHATUM XapakTepUCTUKK Iik(ugj BaXKHO

Hanbonee TOYHO onpenennTtb nopor, T. €. Te 3Ha4eHnqa U g,

k
NPpU KOTOPbIX TOJIbKO MOABJIAETCA TOK I| , @ TaKke 3Ha4YeHusa

k .
Toka |, B obnacTu 6nmskoi k nopory. Moatomy npu Usmepe-

HMAX B Noporosow obnactu LenecoobpasHo paboratb Ha Hau-
6onee 4yBCTBUTENbLHOW NO HAMPSHXKEHUIO LUKarne 3NeKkTpoMmeT-
puyeckoro yeunutens (Puc. 10).

k
CHavana CcHMMaeTcs 3aBMCUMOCTb Ii Ug B

6onbLIOM AnanasoHe Ha rpybon Likane anekTpoMeTpUYecKoro
yeunutens Y5-7 (¥Y5-6 ), Tak, 4Tobbl BCH 3aBUCUMOCTb YIOXK-
nacb B npegenax ogHoro guanasoHa uamepeHun. [lanee ong

Gonee TOYHOro onpeneneHus MOPOroBOrO HamnpsKEHWs Un

CHMMaeTCA 3aBUCUMOCTb Ilk (Ugj B6nM3n aToro Hanpsxe-

HMA Ha Bonee YyBCTBUTENbHOW LUKane BONbTMETpa 3feKTpo-
MeTpuyeckoro ycunurtend. Ytobbl MOnyyYnTb 3HaYeHWe TOkKa,
HeobXx0AMMO nepecynTaTb NOKa3aHWs BONbTMETPA, UCNOMb3ys
COOTBETCTBYHOLUME 3HAYEHUS] BXOOHbIX COMPOTMBIIEHWA MNpu-
6opa, ykasaHHbIX Ha nepeaHen naHenn. MukpoamnepmeTp Ne
3 Ha npubOopHON MaHenu gaeT 3Ha4YeHWe IMEeKTPOHHOro TOoKa
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I, B 4 KA. V3ameperne yactoTbl reHepaTtopa MpOBOAUTCS

4YacTOTOMEPOM, PETNCTPUPYIOLLMM YacToTy B KIL,.
3apgaHue.

1.01blOoCTMPOBATL NpUGOP.
2.CHATb 3aBMCMMOCTb Iik = f(V) (cm.punc.10).

3.0npegennTb Macchbl U OTOXAECTBUTb MOHbI OCTa-
TOYHOrO rasa
B OMeraTpoHHOM namne.
4.ina nByx-Tpex Havbonee WMHTEHCUBHbLIX MUKOB,
Ons KOTOpbIX MacCbl OTOXAECTBMEHbl, CHATb 3aBUCUMOCTb

k
voHHoro Toka | ot Hanpskenma U .

5.0na nccnegyembix BELLECTB, UCMNOMb3ya hopmy-
k
ny (6), paccuutaTb 3Ha4YeHUs O'I Kak yHKUMKM 3Heprum
anekTpoHoB (B 3B) n noctpoutb rpadwuk. MNapumnanbHble gae-
neHns uccnegyeMbiX rasoB npuBedeHbl B MacrnopTe 3agaudu.
[ns Bcex namn L=2cm.
k

6.YcTaHoBUTL 13 rpacpukos  J;  noTeHumansi uo-
HU3aumu.

7.MocTponTb B NOPOroBbIX eAnHMLax rpadukn aKe-
NepyMeHTarbHbIX 3Ha4YEeHUA CEYEHUIN N CPaBHUTb MX C TOMCO-
HOBCKUM CeYeHUEM.
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