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IMPEAUCJIOBHE

OcBoeHue 1abOpaTOPHOro MPAKTUKyMa HAYMHAETCS C BBINOJ-
HEHUsl BBOJHOro 3aHATHs. OCHOBHas 3ajaya 3TOrO 3aHSTHUS 3a-
KJIFOYaeTCsl B MPUOOPETEHUH HABBIKOB Pa0OTHI Ha JTaOOPATOPHBIX
YCTAaHOBKaX M HM3YyYEHHUHM HEKOTOPBIX CTAaHAAPTHBIX SKCIIEPUMEH-
TaJbHBIX METOAMK, UCTIOJIb3yEeMbIX B J1a00paTOpHBIX paboTax.

Pabouee 3agaHnie BBOJHOIO 3aHATHUS NPEABapsIETC ONMCAHUEM
(YHKIIMOHATIBHOW CXEMBI JIA0OPATOPHBIX YCTAHOBOK U PETUCTPHU-
pymollel annaparypbl, KOPOTKO paccMaTpUBaeTCs NMPUHIUI AeH-
CTBUSI MOHU3ALMOHHBIX M CHUHTWUISILIMOHHBIX TETEKTOPOB, BBO-
JSTCSL TIOHATHST OCHOBHBIX XapaKTEPUCTHK JCTEKTOPOB, HEOOXO-
JUMBIX JIJIS1 BBITOJIHEHUS J1a00paTOPHBIX PadOT MPaKTUKyMa.

1. PYHKIIMOHAJIBHAS CXEMA JIABOPATOPHbBIX
YCTAHOBOK

O6m1as pyHKIIMOHATBHAS CXeMa SKCIIEPUMEHTA, CBS3aHHAs C
perucTpanueil 1 aHaJIu30M U3JTy4YeHH, IpeicTaBlIeHa Ha puc. 1.

N3nyuenue

Wcrounnk
H3ITy4eHUs

JerexTop /\ .| Perucrpupyromas
anmaparypa

Curaan

Puc. 1. ®yHKIMOHAIBEHAS CXeMa JTa0OPaTOPHBIX YCTAHOBOK

W3nyuenue oT UCTOYHUKA MomaaaeT B o0beM aetektopa. [le-
TEKTOP — 3TO YCTPOMCTBO, B BEIIECTBE KOTOPOr0 MOHU3HPYIOIIEe
M3IIy4eHHE TEePSET YacTh WU BCIO CBOIO SHEPTHUI0, YTO MPUBOAUT
K TOSIBJICHUIO CUTHAJIa Ha €ro BeIXoJe. Peructpupyromias anmnapa-
Typa OCYIIECTBIISIET, €CIIK 3TO HEOOXOAMMO, YCHIIEHWE CHUTHAJIA,
ero (opMupoBaHue, OTOOpP U 3aIOMHUHAHUE MH(POPMAIIMU O CHUT-
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Hajle, B KOTOPOM COAEPKATCs CBEICHUS Kak 00 U3IIyYCHUH, TaK U
0 ACTCKTOPC. B 3aBucumoctu ot OeJan UCCICAOBAHUA 00BEKTOM
€ro MOXKET CIIY)KHTh JIMOO caMO HM3Jy4eHHe, JTM00 UCTOYHUK W3-
Jy4eHus1, MO0 AETEKTOpP.

2. ACTOYHUKHA U3JTYUYEHUI

VcTouHMKaMu U3Iy4eHUH MOTYT OBITh PaJHMOAKTUBHBINA Tpe-
napar, yCKOPHUTENb 3apsDKEHHBIX YacTHL, HEMTPOHHBIM IeHepa-
TOP, SACPHBINA PEAKTOP, TEPMOSACPHBIE YCTAHOBKH, OKPYKAIOIIAs
cpeaa, KoCMUYecKre O0BEKTHI.

C TOYKM 3peHus Ipolecca B3aUMOJCHCTBUS MOHU3UPYIOIIETO
U3JIy4EHHUs C BEUIECTBOM JIETEKTOPA, a CJIECJOBATEIbHO, U Pa3HO-
o0pa3usi METOJOB JE€TEKTUPOBAHUsS, BCE BHJIbI M3IIyUYEHUH Liele-
coo0pa3HO pa30UTh Ha JIBa Ki1acca: 3apsuKeHHbIE YaCcTHUIIBI U He3a-
PSKEHHBIE YacTULIbI. 3apsDKEHHAs YacTHLIA, IPOXOJIs Yyepes3 Bellle-
CTBO JETEKTOpA, UCIIBITHIBAET HOHU3ALUOHHbBIE IIOTEPH, YTO NPHU-
BOJIUT K MOHU3AIUU M BO30YXK/ICHUIO BEIECTBA.

Perucrpanus He3apspDKEHHBIX YacTUI] (raMMa-KBaHTOB, HEW-
TPOHOB, HEUTPUHO U Ap.) MPOUCXOJAUT IO CO3JaBAEMbIM HMHU B
o0beMe IeTeKTOpa BTOPUYHBIM 3apsKEHHBIM YacTUIaM, KOTOPbIE,
B CBOIO OY€PE/Ib, UCIIBITHIBAIOT NOHU3AIMOHHBIE TIOTEPH.

Hampumep, raMma-kBaHTBI PETUCTPUPYIOTCS MO BTOPHUYHBIM
3JIEKTPOHAM, 00Pa3yIOIIMMCS 3a CYET OJHOTO U3 MpoleccoB: (o-
todddexra, KomMnToH-dpdekra, 00pa3oBaHUS  IIEKTPOH-
MIO3UTPOHHBIX Iap. BTOpUYHBIE 3JIEKTPOHBI, B CBOIO 04YEpE/b, UC-
IBITHIBAIOT MOHU3ALMOHHBIE TIOTEPH B pabouyeM BEIIECTBE JETEK-
TOpA.

HelTpoHsl, B 3aBUCUMOCTH OT MX 3HEPIHH, PETUCTPUPYIOTCS
0 sipaM OTAAuu WIX IO 3apsDKEHHBIM NPOJIYKTaM SIIEPHBIX pe-
akuuil. Tak, HanpuMep, NMPU PErUCTPALMH TEIUIOBBIX HEWTPOHOB

MCTIONB3YETCS PeaKIus Ha sape o B
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OOpa3oBaBuivecs B peaklUUd 3apsHKCHHbIE 4acTHIBI (anbgda-
YyacTula U SApO JIUTHUS) IPOU3BOAAT MOHU3ALMIO U BO30OYyXKAEHUE
pabouero BellecTsa.

VicTouHMKaMU 3apsKEHHBIX U He3apsKEHHBIX YacTHUL, UCIIOJb-
3yeMbIX B JIaDOpaTOpUH, SBIAIOTCS PaJMOAKTHBHBIC INpernaparhl
Pa3IUYHBIX TUIOB M KOCMUYECKHE YacTUIbl (IEpBUYHAS KOMIIO-
HEHTa — OBICTPBIE KOCMHYECKHE MPOTOHBI, BTOPUYHAS — PEJISATH-
BUCTCKHE JIEKTPOHBI, ME30HBI, FaMMa-KBaHTBhI).

K pannoakTuBHBIM IpenapaTaM Kak UCTOUYHUKAM 3apsKEHHBIX
YaCTHUL] OTHOCSTCSA UCTOYHHUKH alb(a-4acTHll, KOTOPbIE BBIIIOJIHE-
Hbl B BUJE IUIOCKUX METAJIMYECKUX JAHUCKOB, UTPAIOLIMX pPOJIb
MOJUIOKKH, C HAaHECEHHbIM Ha €€ LIEHTPAJIbHYI0 4acThb TOHKHM
croeM paamoakTiBHOro mnpemapara (“°Pu, 2*Pu, U u mp.)
DOHepreTuyeckoe pacrnpejeicHue aib(ha-yacTull, BbUICTEBIIMX
IpH pacnaje ajaep, AUcKpeTHo. OObIYHO CIEKTpP COCTOUT U3 He-
CKOJIBKUX JIMHUI. EcTecTBEHHas MMpUHA JMHUMA OYEHb Majla. Xo-
pOIIIO W3BECTHBIE 3HAYCHUS HHEPTUN KaKIOW Tpynmel anbda-
YacTHI, Majasl ECTECTBEHHAs IIMPHHA JINHUH, & TAaKXKE CYIECTBO-
BaHUE HECKOJIbKMX JIMHUHA y OJHOIO MCTOYHHMKA MO3BOJISIOT HC-
M0JIb30BaTh aIb(pa-UCTOUYHUKH JIJIsl SHEPTETHUECKON IPayupOBKU
CHEKTPOMETPUUYECKUX TPAKTOB U OIPEAETICHUS] SHEPreTUYECKOro
pa3peleHus pa3InuHbIX 1€TEKTOPOB.

O4eBHIHO, YTO 3THU CBOMCTBA MOKHO PEaIN30BaTh, €CIU ajlb-
(a-UCTOYHUK HM3TOTOBJEH B BUAE CJOS, TOJIIMHA KOTOPOro Ha-
MHOT'0 MEHbIIIE JUIMHBI CBOOOIHOTO IPpOOera 4YacTUIIbl B BEIIECTBE
MCTOYHHKA, YTOOBI HEOIPEIeIEHHOCTh B 3HAUEHUHU SHEPTUH ajlb-
(ha-gacTuIl, BRIICAIINX U3 UICTOYHHKA, ObLIa HEOOJIBIIOH.

CraHiapTHBI KOMIUIEKT OOpa3IOBBIX CHEKTPOMETPUYECKHX
anbda-ucrounukoB (OCAMN), ucnonbp3yemblx B J1aOOpaTOPHBIX

SHe+]Li+y



paboTax, MOJHOCTBHIO YAOBJIETBOPSET TPeOOBaHMSIM, yKa3aHHBIM
BEIIIIC.

[Tpu Gera-pacnazie HeCTaOMIBHBIX SAEpP, MOMHUMO H3IIy4YEHUS
Oera-yacTulbl (MM MO3UTPOHA), BO3HUKAET HEHTpuHO. CrekTp
OeTa-yacTull HempepbiBeH. B OoJbIIMHCTBE cly4yaeB KOHEYHOE
SIpo Tpu Oera-pacrmaje OCTaeTcsl B BO30YKICHHOM COCTOSHUH,
YTO MPUBOJUT, BO-TIEPBBIX, K YCIOKHEHUIO CIEKTpa OeTa-yacTHI
(3a cyeT MosIBJICHUS SJICKTPOHOB KOHBEPCHH) ¥, BO-BTOPHIX, K I0-
SIBJIGHUIO raMMa-KBaHTOB, HCITyCKaeMbIX KOHEYHBIM sapoM. Ko-
JIMYECTBO SAEP, pacta KOTOPHIX MPOUCXOIUT TOJIBKO B OCHOBHOE
COCTOSIHUE, OUE€Hb HEBEIHKO (ZloBi, 3H, 90Sr). OnHaKO U3rOTOBUTH
0eTa-UCTOYHUKH, COBCEM HE H3JIyYalollue ramMMa-KBaHTBI, HE
yJlaeTcsi o IByM IpuyuHaMm: 1) BOZHHKAET TOPMO3HOE U3ITy4YCHUE
MIPU JBMKEHUU JIETKOM YacTUIIBI B IUIOTHOM cpene (B Marepuaie
WCTOYHUKA WIN TOJUIOKKH); 2) MepecTpoiiKa 3MEeKTPOHHOU 000-
JIOYKH aTOMa, SAPO KOTOPOTO COBEpUIMIIO OeTa-mepexof], Compo-
BOXKJIA€TCSl TIOSBIIEHUEM XapaKTePUCTHUUYECKOTO PEHTIC€HOBCKOIO
n3nmydeHus. Eciii e MCTOYHHMK HUCIYCKAeT MO3UTPOHBI, TO TPHU
AHHUTUJISIUHY UX B MaTepHalie UCTOUYHUKA WIN TMOJI0KKHU JOTMOJI-
HUTEJIBHO BO3HUKAIOT (hOTOHBI ¢ sHeprueit 0,511 M»aB.

laMMa-M3ITydeHre BO3HUKACT TPU MEepexoaax MEXKAY pa3iind-
HBIMH JHEPTreTUYECKUMHU YPOBHSIMH BO30YKIEHHBIX siaep. Ampo
MOKET BO30YKIAThCS PAa3IMYHBIMH MYTSMHU: B IETIOYKAX PaHO-
aKTUBHBIX Pacla/ioB, B Pe3yibTaTe Pa3UYHbBIX SACPHBIX PEaKIUi
U T.J. B 3TUX cioydasx CHEKTp ramMmMa-u3iaydeHHsS IUCKPETHBIH.
Kpome 3TOro, KOpOTKOBOTHOBOE 3IEKTPOMATHUTHOE HU3TyYCHHE
BO3HHKACT TIPU TOPMOKCHHH OBICTPBIX 3JCKTPOHOB B Cpeje.
CriekTp TOPMO3HOTO U3ITyYeHUS] HEMPEephIBeH. BaKHBIN MEXaHU3M
BO3HUKHOBEHHUS BBICOKOIHEPTETUYHBIX TaMMa-KBAaHTOB — aHHUTH-
TS DIEKTPOHHO-TIO3UTPOHHBIX Tap.

Haubonee ynobnbIe 1151 1a00paTOPHBIX UCCIEAOBAHUIN raMmMa-
HUCTOYHUKHU — 3TO PAAHOAKTUBHBIE U30TOIIbI, B KOTOPBIX MPOUCXO-
maT Oeta-pacmaj. [TocKobKY BpeMs JKH3HH Sep 110 OTHOIICHUIO
K ramMma-mepexojiam BEJIUKO MO SACpHBIM MaciiTabaM BpeMeHU
(0Ob4HO OOJTBIIIE 107 C), TO eCTeCTBEHHAas INHMpPWHA TraMMa-
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JUHUHM B MUJUIMOHBI pa3 MEHBIIE UX SHEPTUH, IOITOMY €10 MOXK-
HO TpeHeOpeyb M CYMTATh TaMMa-u3ydyeHHe U3 siipa MOHOPHEp-
TEeTHYECKUM.

Yacto BO30yX/IeHHE KOHEYHOTO siipa Mpu Oera-pacnane CHH-
MaeTcsl HECKOJIbKUMHU MyTsIMHU. B 3TOM ciyyae U3 UCTOYHHKA HC-
IIyCKAaIOTCSl TaMMa-KBAaHThI ¢ Pa3HBIMU DHEPIUSIMH, T.€. HCTOUYHUK
MMeEeT HECKOJIbKO JIMHUHM, 00JaalomuX pa3iuiyHbIMU MHTEHCHB-
HOCTSIMH.

B nabGoparopHbix paboTax HCMONB3YIOTCA 3aKPHIThIe UICTOYHU-
KM raMMa-KBaHTOB, IIOMEILLIEHHbIE B CIELIMAJIbHbIE KOHTEUHEPHI, U
00pa3noBeIe crieKTpoMeTpuueckue ramma-uctrounuku (OCI'N), B
KOTOpBIX DPAJMOAKTUBHBIA IpernapaT pa3MELIEeH MEXIy JBYMs
TOHKUMHU TOJIMATUIICHOBBIMH TJIEHKAMHU.

B kauecTBe UCTOUHHMKOB HEHTPOHOB MOTYT CIYXUTh PaJHOaK-
THUBHBIE TIPETapaThl, pa3inyHbIe AEPHBIE YCTPOWCTBA U allapa-
Thl (AJEpHBI pPEaKTOp, HEUTPOHHBIH TI'€HEpaTOp, HEUTPOHBI M3
MUIICHEH 3IeKTPOHHBIX ycKopuTenei u T.1.). Korma roeopsr o
paZMOaKTUBHBIX MCTOYHMKAaX, TO UMEIT B BUAY 0OpazoBaHuE
HEHUTPOHOB B peakiusx (o,N) uin (y,N) ¢ UCIOIb30BAaHUEM PATUO-
aKTUBHBIX fJEp, HCIYCKAIOIMUX anb(a-4acTUIBl HIM TaMMa-
KBaHTBI, HAIIpPUMED Be + “He — C +n.

['oTOBBIN M30TOMHBIA UCTOYHUK TMpeICTaBIseT co00il MexaHu-
YECKYI0 CMECh, CIUIaB WJIM XHMHYECKOE COEJIMHEHue aib(a-
U3JTy4daTellsd U BELIeCTBa MUILIEHU B T€PMETUUYECKOMN ynakoBke. B
KauecTBe aib(a-MCTOYHMKA Hauboyiee YacTo HCIONb3YIOTCA
2190, 2%y wm 2pu. Kpowme Be, 11t noiaydyeHuss HEHTPOHOB 11O
(0,,N) - peakMyu MOKHO MPUMEHHUTh W JPYyrHe JICTKUE sijpa, Ha-
npumep, B umu Li.

B nabGopatopun ucnomssyercss Pu-Be - ucrounuk, pasmenies-
HBIN B mMapamHOBOM OJIOKE, KOTOPBIM OKPYXEH CO BCEX CTOPOH
KagmueM, 3(pPEeKTUBHO MOTJIOMIAIONIIM TEIUIOBbIE HEUTPOHBI.




3. METOJbI PETUCTPAILIMHA U3JTYUEHU
3.1. MoHM3a1IMOHHBII MeTO/ perucrpanuu

B nacrosiee BpeMsi HA HOHU3AIMOHHOM METOJIE PETHCTPaLin
paboTaer 0OJBIIOE KOJMYECTBO COBEPLICHHO PA3IMYHBIX JETEK-
TopoB. [IpuHImn paboThl U cxema BKIIOYEHHUS TaKUX MPUOOPOB
NpUBE/ICHBI HA puc. 2.
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Puc. 2. IlpuHnun neicTBys U cxema BKIIIOUEHHS] HOHU3AIMOHHOTO JETEKTOpa

[IpocTpaHCTBO MEXAY CHCTEMOI AJIEKTPOAOB (B MpOCTeiiieM
ciydae — MEXAy ABYMS DJIEKTPOJaMH) 3aMOJIHIETCS] pabounuM Be-
IECTBOM (3TO MOXKET OBITh Tra3, *KHAKOCTh, TBEPJOE TENO), U K
AJIEKTPOJIaM MPUKJIIAIBIBACTCS BHEITHEE JIEKTpUUYECKOe ToJie. 3a-
PSKEHHBIE YaCTHUIIBI TEPSIOT B pabovyeM BEIECTBE CBOIO DHEPTHIO,
4acTh KOTOPOW HWIET Ha WOHM3aIuio. B pesymprare B pabouem
BEIIECTBE MOSBIISIFOTCS CBOOOHBIC 3aPSI/Ibl — SIEKTPOHBI M MOHBI.
OO6pa3zoBaHHBIE 3aps/IbI IO IEHCTBUEM BHEIITHETO YJIEKTPUUECKO-
ro MoJjs MepeMEeNaroTcs K 3JIEKTPOoJaM, 4TO MPUBOIUT K OIHO-
BPEMEHHOMY TIEPEHOCY HWHAYIUPOBAHHOTO 3apsia BO BHEUTHEH
LIETIH.



JIr000#1 MOHM3AITMOHHBIN JETEKTOP MOXKET paboTaTh KaK B TO-
KOBOM, TaK M B MMITyJbCHOM pexume. [Ipu pabote B TOKOBOM
pEeKUME U3MEpSIEeTCsl CpellHee 3HAYCHHUE TOKA BO BHEIIHEH IIerd
JIETEKTOpa, T.e. CyMMapHBIH MOHU3AIMOHHBINA PQeKT, co3maBae-
MBIH U3JTy4eHUEM B paboueM 00beMe JeTeKTopa.

[Ipu paboTe MOHM3AIMOHHOTO JETEKTOpa B MMITYJbCHOM pe-
KUME PETUCTPUPYIOTCS UMILYJIbCHI OT OTAENbHBIX YacTull. B aTom
cllyyae 3Hau€HHE aMIUIUTY/bI TOKA IMPOMOPIUOHAIBHO CPEIHEMY

quciy 3apsanaoB N , 00pa30BaHHBIX 3apsDKEHHON yacTuieil B pabo-

4eM BeIIECTBE JETEKTOpa. B CBOIO ouepenb, YMCIO 3apsaaoB N
OJIHO3HAYHO CBA3aHO C SHEPI'Ueil, MOTEPSIHHON YaCTULICH:
N=E/o,

rae E — sHeprus manmaromiei 4acTHIBI; ® — CPEAHSS DHEPrus,
uaymnias Ha o0pa3oBaHMUE OJHOM Mapbl HOCUTENEH 3apsaa. JKcre-
PUMEHTAJILHO YCTAaHOBJICHO, YTO 3HAYCHHUE () MPAKTUYECKH HE 3a-
BHCHUT OT PHEPIrUU W TUIA YACTHUILIbI, IO3TOMY 10 3HAYEHHUIO TOKa
BO BHEIITHEH IIeNMU MOKHO CYIUTh 00 SHEPTUH, MOTEPSHHON 3apsi-
KEHHOU YacTullell B paboueM BeIIecTBe AETEKTOpa.

NIMITy TbCHBIN PEKUM JIOCTUTACTCS TIOJ00POM 3arpy3KH JCTCK-
TOpa YaCTUI[AMH U COOTBETCTBYIOIIMM O00Opa3oM BBIOpAaHHOM cXe-
Moii BkItoueHus. B naboparopuu Bce 1€TEKTOphl padOTalOT B UM-
MYyJIbCHOM PEKHUME M BKJIIOUYEHBI BO BHEIIHIOIO 1IEMb B COOTBETCT-
BHUH C puc. 2. BHemH s 1enb 1eTeKTopa COCTOUT U3 TMOCHeI0Ba-
TEJIbHO BKJIFOYEHHOI'O0 MUCTOYHHMKA HAIPSKEHUS U COMPOTUBIICHUS
Harpy3ku Ry. Tlpu onucanuu mpoiiecca MpOTeKaHUs TOKa HapsAy
C CONPOTHUBJICHHEM HArpy3ku R, HE0OXOIMMO y4HUTHIBATH HAIU-
YHe €eMKOCTHBIX ITapaMeTPOB BHEIIHEH IIETH.

Ha puc. 2 311 mapameTpsl OTpax€Hbl BBEACHUEM IKBHBAJICHT-
HOM eMKOCTH Coy,, 0003HAYEHHOW MYHKTUPOM. 3HaUC€HHUE Coyp
BKJTIOYAET B €0 COOCTBEHHYIO €MKOCTh JIETEKTOpa U €MKOCTh
MOHTaXa BXOAHBIX Lemned. Ilpu TakoM BKIIOYEHUHM [ETEKTOpa
HMMITYJIhC TOKA WHTETPUPYETCS BO BHEITHEH IIENH U Mpeodpasyer-
Csl B UMITYJIbC HANpsDKEeHUs. AMIUTMTYAa U (popma uMITynnbca Ha-
MIPSDKEHUS B OTOM CJIydae OMPEeNsItoTCs mapaMeTpaMu HHTETPH-
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pyrorieit enodku RyCyy. Tak kak B OOJBIIMHCTBE CITy4aeB CTpe-
MSATCS COXPAHUTh MAKCUMAIBHYIO aMIUTHTYAY HMITYJIbCa Hamps-
JKEHUS Ha BBIXOJIC IETeKTOpa, K 3HaUCHUSIM Cy U Ry TIpeIbsBIIs-
I0TCS BIIOJTHE ONpe/ieieHHbIe TpeboBanus. [lockobKy aMIunTyna
umnynbca HanpsokeHus AV ~ Qo/Co, Te Qo — 3apsia, HaKaruIu-
BaeMbIii Ha eMKOCTH C,y;, HEOOXOIMMO, TIPEKIEC BCEro, odecre-
YUTh MAUHUMAJIbHOE 3HAYEHHUE DKBUBAJIECHTHOH eMKOCTH Cyip. ITO
JOCTUTACTCS PAIlMOHATBLHOW KOHCTPYKIIMEH JETEKTOpa U DIICK-
TPOHHOM CXEMBbI, MOJKIIOUEHHON K HeMy. 3HaueHue Ry BbIOMpa-
eTcsl Tak, 4ToObI ocTOsHHAS uHTerpupoBanus R,C,, OblIa 3aBe-
JIOMO OOJIBIIIE JTTUTEIHPHOCTH MMITYJIbCa TOKA JeTekTopa. B aTom
clydae 3a BpeMmsl 3apsiIKu TOKOM eMKOCTH Cly; Pa3psIKu ee uepes
Ry mpoucxonuThk mpakTHuecku He Oyaer. B ummynbce Hampske-
HUsS, ¢CHOPMHPOBAHHOM TaKUM O0pa3oM, (pOHT HMITYJIbCA OIpe-
JeNAeTCsl AITUTENbHOCThIO UMITYJIbCa TOKA, T.€. BpEMEHEM cOoOu-
paHUs Ha COOTBETCTBYIOIINE JIEKTPOJIBI 3aPsA0B, 00Pa30BAHHBIX
3apshkeHHON yacTunei. Craa uMiynbca 00yCIOBIEH CKOPOCTHIO
pa3psaku eMKOCTH Coy, 9epe3 CONpoTUBIeHUE Ry,

CrtpemiieHne COXpaHUTh MAaKCUMAIbHYIO aMIUTUTYIy UMITYJIbCa
Ha BBIXOJIE JCTEKTOpa MPHUBOIUT K YBEIHMYCHHUIO JUTUTEIHHOCTH
UMITyJIbCA M KakK CJEACTBUE — POCTY BEPOSTHOCTH HAJOXKEHUS
HMMITYJILCOB BO BXOJIHOM 1eTH aeTekTopa (puc. 3).

JleicTBUTENBHO, MPH OONYYEHUH JETEKTOpa PaJlOaKTHBHBIM
HMCTOYHUKOM HMMITYJIbCHI TOKa TIOSIBIISFOTCS B IPOHM3BOJIBHBIC MO-
MeHThl BpeMeHHu. [losromy mpu OonplIiuX 3arpy3kax IeTeKTOp
MOJKET 3apEeTUCTPUPOBATH HOBYIO YACTHUIy PAHbIIE, YeM €MKOCTh
ycIieeT MOJMHOCTBIO Pa3psSAUThCS OT MPEeAbIAYIIe yacTuilbl. Bo3-
HUKAMOIINE HAIOKCHHUS UMITYJIbCOB 3aTPYAHSIOT WIH JCNIAl0T BO-
001116 HEBO3MOXKHBIM M3MEpPEHUE YHCIa YaCTUIl U aMIUIUTYA HM-
MyJBCOB OT OTJEIBHBIX YacTHIl. YTOOBI yCTpaHUTh TO HEXela-
TENbHOE SBJICHHE, B TMOCIEAYIOIIUX SJIEKTPOHHBIX YCTPOHCTBAX
MPUMEHSIIOT YKOPAYUBAIOIIUE CXEMBI, KOTOPBIC DPA3JCIAIOT WUM-
yJbCHI (pHC. 3, B).
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i) 4 2)

AV

AVy,

Puc. 3. 3aBUCHMOCTD OT BpEMEHHU: a — IMITYJIbCOB TOKa IETEKTOpa; O — HaJ0)KEHHBIX
UMITYJIbCOB HAIPSDKEHHS; B — YKOPOYEHHBIX HMITYJILCOB HaIPSDKEHUS

Kak yxe oTMmeuanoch paHee, pabo4MM BELIECTBOM HOHHU3AIU-
OHHBIX JIETEKTOPOB MOTYT OBITh I'a3, JKUAKOCTb, TBEpIOE Ten0. B
na0opaTOpUM MpPEJCTaBICHbl MOHU3AIIMOHHbBIE NETEKTOphI, B KO-
TOPBIX B KaYeCTBE pabOUEro BEIECTBA UCIOJIb3YIOTCA a3 U TBEp-
JI0€ TEJIO.

3.2. I'a30BbIe HOHU3ALMOHHBIE ICTEKTOPBI

OOBIUHO ISl HAIIOJIHEHUS Ta30BBIX MOHM3AIMOHHBIX JI€TEKTO-
POB NPUMEHSIOTCS Ta3bl, B KOTOPBIX 3JEKTPOHBI, 00pa3oBaHHbIE
3apsPKEHHOM 4YaCTHULIEW, IIPU JBIKEHUU B DJIEKTPUYECKOM I10JIE
OCTal0TCs CBOOOJHBIMH, T.€. HE 3aXBaTHIBAIOTCS MOJIEKYJIaMU WU
aToMaMM rasa ¢ oOpa3oBaHUEM OTpUIATEIbHBIX MOHOB. Takue
raspl Ha3bIBAIOTCS 2/71eKMpONnonoxcumenvrHvimu 2azamu. K Hum
OTHOCATCS 4acTO NMPUMEHSIOIIMECS B KadecTBe paboueil cpeibl
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MOHU3AIMOHHBIX JICTEKTOPOB MHEPTHBIE Ta3bl: aproH M KCEHOH.
Bri0op 3Tux ra3oB He ciay4aeH. M3BeCTHO, YTO B ra3zax CKOpOCTb
JBHMKCHUSI CBOOOJHBIX JIEKTPOHOB B HANPABICHHH 3JCKTpHYE-
CKOTO TIOJISI, KOTOPYIO Ha3BIBAIOT CKOPOCMbIO Opeligha, TpuOIn3u-
TEJIFHO HA TPU MOPsIKa OOJBIIE CKOPOCTH JBHMXCHHUS OTpHIIa-
TEJILHBIX W TIOJIOKUTENBHBIX HMOHOB. CrenoBarenbHO, MPOIECcC
3apsSIKU SKBUBAICHTHOW €MKOCTH Coyy STEKTPOHHBIM TOKOM TaK-
ke OyleT 3aKaH4YMBaTHCS BO BPEMEHM Ha TPU MOpsKa ObIcTpee,
4eM IPOIECC 3apsIKM HOHHBIM TOKOM. Takum oOpa3om, eciu pe-
THCTPUPOBATH TOJBKO 3apsi]], HAKOIUIEHHBIH HA C, OT MPOTEKa-
HUSI 9JIEKTPOHHOTO TOKAa, TO MOKHO Ha HECKOJBKO MOPSIKOB CO-
KpaTUTh JUIUTEIILHOCTh UMIYJbCa OT OTAeNbHOW yacTuisl. [lo-
3TOMY HCIIOJIb30BaHHE B Ka4eCTBE paboyero BEIIeCcTBa HOHU3AIH-
OHHBIX JIETEKTOPOB 3JIEKTPONOIOKUTEIBHOTO TIa3a IO3BOJIAET
3THUM JIETEKTOpaM paboTaTh B UMITYJbCHOM PEXKHME B MHTCHCHB-
HBIX ITOTOKaX YacTHII.

CymiecTByeT HECKOJIBKO THIIOB I'a30BBIX MOHHM3AIMOHHBIX JIe-
TEKTOpOB. PexxuM pabOThl KOHKPETHOTO JIETEKTOpa 3aBUCHT OT
Pa3HOCTH MOTEHIMAJIOB HA €T0 3JIEKTPoaaX, KOH(GUTrypamu sJiek-
TPOHOB, NaBieHus rasa. Ha puc. 4 mpuBeneHa 3aBUCHMOCTH aM-
IUTUTYbl UMITYJIbCA HA BBIXO/€ LMIMHIPUYECKOTO JETEKTOpa OT
Pa3HOCTH MOTEHIINAJIOB HA €T0 JIEKTPOaX Ul Pa3IHYHON HOHU-

3aIUH, T.€. PA3THYHOTO YHCIA HIEKTPOH-HOHHBIX map N , 06pazo-
BaHHBIX YacTUIaMU B pabodyeMm oOwveme. Bce mmpoko ucmonb-
3YIOIIMECs Ha MPaKTHUKE PeXHUMbI pabOThl T'a30BbIX MOHM3ALMOH-
HBIX JIETEKTOPOB MPEICTABICHbI HA TAHHON KPUBOM.

IIpu cpaBHMTENBHO HEOONBIINX HANPSHKEHHOCTSX 3JEKTpHUe-
ckoro nois (puc. 4, odnacts |) B 00beMe AeTeKTopa TOK U COOT-
BETCTBEHHO 3apsijl Ha SKBUBAJIEHTHOW €MKOCTH MPONOPLHOHANIb-
HbI YHCITy JIEKTPOH-UOHHBIX Map, 00pa30BaHHBIX YacTUIEH B ra-
3€, U HE 3aBHUCST OT Pa3HOCTU MOTEHLIMAJIOB Ha 3JeKTponax. [e-
TEKTOpBI, padOTaIoIIe B TAKOM PEXHUME, Ha3bIBAKOTCS UOHUZAYU-
OHHbIMU Kamepamu. EcnM aMIUIMTyZa MMIyJbca Ha BBIXOJE Jie-
TEKTOpa MpPOMOPLUOHATIbHA JHEPTUH, IOIJIOIMIEHHON B o0Bbeme
NETEKTOpa, TO TAKOW JETEKTOP HA3BIBAIOT NPONOPYUOHATLHBIM.
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AV,
OTH. €1l

Uo

Puc. 4. 3aBUCHMOCTD aMIUTUTY/IBI IMITYJIBCA HA BBIXOJIE Fa30BOr0 HOHU3AIIMOHHOTO
JETEKTOpa C [IIHHAPUIECKOH TeOMEeTprei 3JIEKTPOIOB OT HANPSDKCHUSI AJISL ABYX pa3-
JUYHBIX dHepruii E; u E;

Ha puc. 4 BugHO, 4yTO ra3oBasi MOHU3AIMOHHAs KamMepa sIBJIseT-

Csl MPONOPLMOHAIBHBIM JIETEKTOPOM, T.€. JUUISl HEE BBINOIHSIETCA
AV, E,

COOTHOLIEHHE ——= = —=.
AV, E,

[Ipu Oosiee BBICOKMX 3HAYEHMSIX HAIPSHKEHHOCTH 3JIEKTpHUYe-
CKOro TOJs Apeidyromire 3IeKTPOHbBl MEXIY COyJapeHUsIMH C
HEUTpaJbHBIMU aTOMaMHU MOT'YT HaOpaTh YHEPTHUI0, TOCTATOUHYIO
JUI MOHM3AllMK aTOMOB rasa (Tak Ha3blBaeMas yJapHas MOHHU3a-
1ust). O4eBUIHO, YTO MPOIECC YAAPHON MOHM3ALMU MPUBOAUT K
YBEJIMYEHHUIO YHCIIa JIEKTPOHOB U MOHOB B paboueM oObeMme Jie-
TeKkTopa. Tak Kak ¢ pocTOM HaIpPSKEHHOCTH AJIEKTPUYECKOTO TO-
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J51 BEPOSTHOCTh YJApHOW MOHM3AlMK YBEJIWYMBAETCs, HaOmroma-
eTCsl pe3Kasi 3aBUCUMOCTb aMIUIUTYbl UMITyJbCa Ha BBIXOJAE Jie-
TEKTOpa OT PAa3HOCTH NOTEHIMAJIOB Ha €ro ajekrpojax (puc. 4,
obnacts |l). [lpumedarenbHO, YTO MPU 3TOM COXPAHSAETCS IpPO-
MOPLUUOHAIBHOCTh MEXJY aMIUINTyJaMH HMMIIYJIbCOB W Hadallb-
HOM MoHM3auuen. Takol pexuM ra3zoBOro MOHU3ALHUOHHOTO Je-
TEKTOPA HAa3bIBACTCS PeNHCUMOM NPONOPYUOHANLHO20 YCUTIEHUS, A
JETEKTOPBI, B KOTOPBIX OH MCIIOJIb3YETCS, PEKOMEHYETCSI Ha3bl-
BATH 2A308bIMIU NPONOPYUOHATLHBIMU OeMEeKMOopami”.

JlanbHeniee yBeIuyeHUue HapsHKEHUS IPUBOAUT K Hapylle-
HHUIO 3TOH IponopuuoHaabHOCTH (puc. 4, obnacts ). Hakonerr,
IpH enie 00s1ee BBICOKMX 3HAUEHUAX HAIPSHKEHHOCTH AJIEKTpUYe-
CKOTO IOJIA pOJIb YAAPHOM HMOHW3ALUU OKa3bIBAETCS HACTOJBKO
OOJIBIIION, YTO B JIETEKTOPE BO3SHHUKAET pa3psijl, €CIIH IMOIMAaBIIas B
ero o0beM 3apsHKeHHas 4acTHIa CO3/aeT B rase XoTs Obl OIHY
ANIEKTPOH-UOHHYIO Mapy.

JlpyruMu ciioBaMu, aMIUIMTYZAAa MMITYJIbCA CTAaHOBUTCS HE 3a-
BHCHMOM OT mepBUYHON MoHu3auu (puc. 4, oomnacts V). I'azo-
BbI€ JIETEKTOPBI, paloTalolMe B ITOM pPEKUME, Ha3bIBAIOTCS
cuerunkamu ['eitirepa — Mrosuiepa. Cuetuuk ['elirepa — Mroiiepa
CBOMCTBOM IPOIMOPIMOHAIBHOCTH HE 00JIaJjaeT, MO3ITOMY C €ro
MOMOUIBIO (PUKCUPYETCS TOIBKO (aKT PETUCTPALIUU YaCTHUIIBI.

B naboparopun npeacTaBieHbl ra30Bble MOHU3ALMOHHBIE J€-
TEKTOpBI, pabOTaroIIKe BO BCEX PACCMOTPEHHBIX BBIIIE PEKUMAX.

! B nuTeparype 5TH AETEKTOPHI YACTO HA3BIBAIOT MPOMNOPIHOHATLHBIME CUCT-
YHKaMH, OJJHAKO 3TO Ha3BaHHE HEynadHO. VICIOIp30BaHNE TEPMHUHA (CUETUHK)
MOJIpa3yMeBaeT, YTO C IOMOIIBI0 TAaKOTO MOETEKTOpa MOXHO (DUKCHPOBAThH
TOJIBKO (DaKT PErHCTPalny YacTUIBL. [Ipy 3TOM UMITYIbCHl Ha BBIXOAE CUETUU-
Ka HUKaKoH WH(popManuu 00 3HEPTHH PEerHCTPUPYEMOTO H3TydeHHS HE HECYT.
W3 puc. 4 BUAHO, YTO Ta30Bble MOHM3AIMOHHBIE JETEKTOPHI, padoTaromme B
PEeXHMe IPONOPIHOHAIBHOTO YCHIIEHUs, 00JaJaloT CBOMCTBOM MPOINOPIHO-
HaJIbHOCTH, TI03TOMY LI€JIeCO00pa3HO Ha3bIBaTh MX JETEKTOpaMH, a HE CUETUH-
KaMH.
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3.3. TBepaoTenbHbIC HOHU3ALHOHHBIE 1ETEKTOPBI

Wnes ucnonp3oBaHus raza B KayecTBe pabouero BEIecTBa Ho-
HU3ALHUOHHBIX JIETEKTOPOB 0Ka3ajach OYeHb IIOAOTBOPHOM U MO-
3BOJIMJIA CO3AATh OOJIBIIOE KOJTUYECTBO PA3HOOOPA3HBIX IO CBOUM
XapaKTePUCTHKAM T'a30BbIX JETEKTOPOB, IIUPOKO MPUMEHSIOIINX-
Csl B HACTOsIIIee BpeMs Ha MPAKTHUKE.

OnHako MOXHO OTMETUTH PSAJi HEIOCTATKOB, MPUCYIIUX ra3o-
BBIM HOHHM3AIMOHHBIM JETEKTOpaM, KOTOpble OOYCIOBICHBI
MMEHHO NPUMEHEHHEM ra3za Kak padouero BemecTsa. ITo, Mpex-
Jie BCEro, maias IUIOTHOCTh rasza M, KakK CJIeICTBHUE, TPYIHOCTH,
CBSI3aHHBIE C PETHCTPALMEH 3apsHKEHHBIX YaCTHI] BHICOKMX JSHEP-
ruil (B OCOOCHHOCTH JIETKHX), & TaK)Ke HE3apsDKEHHBIX YaCTHII.
Jpyrue HerocTaTKu MOAPOOHO pacCMaTPUBAIOTCA B JICKIIMOHHOM
Kypce, OTMETUM TOJBKO, YTO OHH CBSI3aHBI C OOJBIIUM 3HAYCHU-
€M CpelHel SHepruu Ha 00pa3oBaHWE SJIEKTPOH-UOHHOHN IMaphl
(0 =20 + 30 3B) 1 Mano#t cCkOpocThiO Apetida MOT0KUTEITbHBIX
MOHOB B razax. llepexoq oT paGouero BelecTBa HOHU3AIMOHHBIX
JETEKTOPOB B BUJIE Ia3a K TBEPAOMY Ty YCTPaHSIET HEJOCTATKH,
XapaKTepHbIE JUIs Ta30BbIX MOHU3ALMOHHBIX JETEKTOPOB.

[To mpuHnUMy nelCTBUS TBEPAOTEIbHBIE MOHU3AIMOHHBIE Je-
TEKTOpPbl MO>KHO pAacCMaTpuBaTh KakK Ta30Bble MOHM3ALMOHHBIC
KaMepbl ¢ TBEPABIM JIUDIIEKTPUKOM MEXIy dJeKTponaamu. B kaue-
CTBE pabouero BeleCTBa TBEPAOTEIbHBIX NETEKTOPOB UCIOIb3Y-
IOTCSI, KaK TMPaBWIIO, MOJYIPOBOJIHUKOBBIE MaTepuaibl, B OCHOB-
HOM KPEMHHUW U T€pMaHMi, a TETEKTOPhl B 3TOM CiIy4ae Ha3bIBa-
10T MOJIYIPOBOIHUKOBBIMU JieTekTopamu (I1T1]1).

Hcnonb3oBaHue KpeMHUS U T€pPMaHHUsSl CBA3AaHO C TEM, YTO B
ATUX BEMIECTBAX 3JIEKTPOHBI W JIBIPKH, 0Opa30BaHHbBIC 3apsIKEH-
HOM dYacTuIilel, UMEIOT OOJBIIYI0 CKOpPOCTh aApeida, Oosbiioe
BpeMs KM3HH M BEIIMYMHY (0 HA TIOPSAJIOK MEHBIIIE, YeM B Tase.
[II1J] sBAstOTCS TPONMOPIUOHAIBHBIMU JeTekTopaMu. (Cxema
prirouenus III]] takas ke, Kak ¥ Ta30BOM MOHW3AIMOHHOW Ka-
MEpBHI.
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B Hacrosee Bpems pa3sBUTHE TBEPAOTEIbHBIX MOHHU3ALMOH-
HBIX JE€TEKTOPOB UIET B HAIPABJICHUU CO3JaHUSI HEOIHOPOAHBIX
IITJI. B Ttakux IIIT[] ricnonb3yroTcsi CBOMCTBA Mepexona MEXIAY
MOJIYIPOBOJHUKAMHU C Pa3HbIM TUIIOM MPOBOJMMOCTH WJIU Iepe-
X0Jla MEeXJy IOJYINpPOBOAHUKOM U MeTamuioM. HeobxomumocTthb
coznanus B IIIJ] mepexona moapoOHO paccMaTpuBaeTcs B JICK-
LIMOHHOM Kypce.

TBepAOTENbHBI MOHU3ALMOHHBIA JETEKTOP IIPEICTaBICH B
71a00paTOpUK KPEMHHUEBBIM NOBEPXHOCTHO-0apbepHbIM [IIT/1, nc-
MOJIB3YIOIIUMCS U PETUCTPALMU allb()a-qacTHII.

3.4. CUHHTHJLISINMOHHBIH 1€TEKTOP

CUMHTHUIALIMOHHBIA METOJ] OCHOBAaH Ha PETUCTPAIMU KOPOT-
KHUX CBETOBBIX BCIIBIIIEK — CHUHTHIUIALUIN, BO3HUKAIOIUX B He-
KOTOPBIX BEUIeCTBaX (CHMHTHIUIATOPAX) MPU MPOXOKICHUN Yepe3
HUX 3apsOKeHHBbIX yacTULl. KBaHTBHI cBeTa BO3HHMKAIOT IpU Hepe-
X0J1aX BO30YXKIEHHBIX MOJIEKYJ UJIM aTOMOB B OCHOBHOE COCTOSI-
HUE WIN IpU peKOMOMHALIMYU 3JIEKTpUUECKuX 3apsoB. CHUHTHII-
JSITOPaMU MOTYT OBITH TBEpABIE, KHUIKHE U ra3000pa3HbIe Bellle-
cTBa. Bpems BbicBeunBaHMs (BpeMs, B T€YEHHE KOTOPOIO YHCIIO
CBETOBBIX KBAaHTOB YMEHBIIAETCS B € pa3) JUIsl HEOPraHMYECKUX
CHMHTUWIISATOPOB JIEKUT B 001aCTH ( 10°-107 c, OpraHMYECKHUX
- 10%¢.

JUis peructpauu CUMHTUIUIALMOHHBIX BCIIBIILIEK HCITIOJIB3YIOT
¢dorornexkrpoHHsle yMHOxHUTENU (DPIY). I[losromy cuMHTHILIIA-
IIUOHHBIN JIETEKTOP COCTOUT M3 JBYX COCTaBHBIX YacTel: CLUH-
tusuisitopa u OOV (puc. 5).

[Tpy nmpoxoXAeHUM 3apsHKEHHOM YacTUIbl B CHMHTHILIATOPE
BO3HUKAIOT (POTOHBI, KOTOphIE BBHIOMBAIOT U3 (poTokaTona OOV
AIIEKTPOHBI. DJIEKTPOHBI MHOTOKPAaTHO YMHOXKAIOTCSl B Pe3yJIbTaTe
BTOPUYHOW SMHUCCHH C JTWHOJOB, TOCTUTAIOT aHOJA, W BO BHETII-
HEH 1enu, cocTosmel n3 CONPOTUBIICHUS Harpy3ku Ry M SKBUBa-
JEHTHOW eMKOCTH Clyp, TPOTEKAET TOK, JIUTEIBHOCTH KOTOPOTO
oTpeieNsIeTcsi, B OCHOBHOM, BPEMEHHBIM paclipeienieHueM (poto-

17



HOB CHMHTWUIIMU. Bee paccykaeHnuss OTHOCUTENBHO (GopMuUpo-
BaHMsI CUTHAJIA B aHOAHOU 1enu ODY aHanoruvyHbl MpoBEICHHBIM
JUIS. MOHU3AIMOHHBIX JETEKTOPOB, T.€. (JOpMa UMITYJIbCa 3aBHCHUT
OoT cooTHomeHusT BeauuuHbl RyC,; U BPEMEHH BBICBEUMBAHMS
CUUHTHILISITOPA.

/Y

L— CUMHTHUIUISATOP
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Puc. 5. [IpuHOMD neiicTBYUS U cXeMa BKIIIOYEHUS CHUHTIUISIIIMOHHOTO IETEKTOpa
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CUMHTWUTALMOHHBIA METOJ] 0 HEKOTOPBIM IapaMeTpaM HhMe-
€T TPEUMYIIECTBA MEepe] MOHU3AIMOHHBIM METOJOM PEerucTpa-
uu. JTO, MPEXe BCero (MpU COOTBETCTBYIOLIEM BhIOOpE CIUH-
TUJUIATOPA), BRICOKAs pa3peliaronasi ClioCOOHOCTh M0 BPEMEHH U
Oombias 3¢ HEeKTUBHOCTh PETUCTPALIUU HE3aPsHKEHHBIX YaCTHIL.

B nabGopatopHOM MpakTHUKymMe€ H3Y4alOTCS XapaKTepUCTUKHU
pa3IMYHBIX OPTraHUYECKUX U HEOPTraHMYECKUX CIUHTUIUISITOPOB.

4. PETUCTPUPYIOLIASA AIIITAPATYPA
4.1. YewiuresbHbIE U COTJIACYIONIUE YCTPOICTBA

Kak yxe oTMeuanoch BblllI€, BCE AETEKTOPHI, IPUHIIMIT JAEHCT-
BUSI KOTOPBHIX HM3Yy4aeTcsi B J1aboparopuu, paboTaloT B MMITYIbC-
HOM pexuMe. Bo BHEWIHIOIO LieNb 3THUX JAETEKTOPOB BKIJIIOUEHO
COINPOTUBIIEHUE HArpy3ku, U Ha uHTerpupyoomeid nenu RuCog
IIPOUCXOJUT NMPeoOpa3oBaHUE UMITYJIbCA TOKA B UMIYJIbC Hampsi-
KEHUS. AMIUTUTYABI UMITYJIbCOB HANPSOIKCHUS Ha BBIXOJE JCTEK-
TOPOB HUMEIOT, KaK INpaBWUiIo, HeOousblioe 3HadyeHue. JlelcTBu-
TEJIbHO, MPOBEJIEM, HANPUMEpP, OLEHKY MaKCUMAaIbHOW aMILIUTY-
JIbl UMITYJIbCA HAPSKEHUs BO BHEIHEH 1eny UMIYJIbCHON HOHU-
3aIllMOHHON KaMepbl, COOTBETCTBYIOIIEH SHEPrOBBIICICHUIO B Ka-
Mepe E = 5 M»aB (anbda-uactuna c sneprueit E, = 5 MaB). Bri-
OepeM 3HaYeHHE SKBUBAICHTHONU eMKOCTH Cy = 10 mdD.

Torna

AV:QO _eN _ eE, ’
C. C oC

OKB OKB JKB

rae Qo — 3apsiy, HaKaITUBaeMbIid Ha eMKOCTH Coy 32 CUET MPOTE-

KaHUs TOKa BO BHEUIHEW IIeNu Kamepbl; N — YHCIO 3JIEKTPOH-
MOHHBIX Tap, 00pa30BaHHBIX YaCTHUIIEH B pabouyem BeuecTBe (Ha-
MOJTHEHHE KaMephl — aproH); ® — CPeIHss SHEprus Ha 0Opa3oBa-
HHUE OJHOH mapsl 3apsanoB (o, =25 3B); e — 3apsaa 3neKTpoHa.
[Toncraisist B GopMyiny COOTBETCTBYIOIIME BEJIWYUHBI, MOTyYa-
eM:
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1,6-107"-5-10°
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25-107"

Takum oOpa3oM, naxe A BHIOPAHHOTO HEOOJBIIOTO 3HAYeE-
HUS Cyy aMITIMTYIa CUTHAJIA HA BBIX0J1€ MOHU3AILIMOHHON KaMephbl
COCTABIISICT €IMHMUIBI MWIIMBOJLT. OUEBHIHO, YTO Takas e
oleHka, nposeneHHas ast III1J], naer 3HaueHue amIIUTYABI B
Jy4IIeM ciaydae TOJIBKO Ha MOPSI0K OOJIbIIe.

AMIUIUTY/BI CUTHAJIOB OT JIETEKTOPOB € T'a30BbIM YCUIIEHUEM U
CUMHTHWUISIHUOHHBIX JETEKTOPOB MOTYT COCTABJIATH OT 102 B o
HECKOJIbKUX BOJIBT.

CoBpeMeHHas perucTpupyrolas U aHaIU3UpPYoIlas anmnapa-
Typa paboTaeT ¢ CUTHaJIaMH, aMIUTMTYIbI KOTOPBIX JIeKaT B JAHa-
na3one nopsaka 1 — 10 B. ITostoMy curnassl ¢ 1eTeKTOpoB HE0O-
XOJUMO YCUJIMBATh WJIH, IO KpailHe Mmepe, Kak B ciaydyae paboThl
co cueTdynkamu ['eiirepa win CHMHTUIUISALMOHHBIMU JIETEKTOPaMH,
IIPOIYCKaTh YEpe3 COIIACYIOLIUE LENU — 3MUTTEPHbIE MOBTOPU-
TEJH.

K ycunurensM, KOTOpbIE HCIIOIB3YIOTCS JJISl YCHIJICHHS CUTHA-
JIOB C JIETEKTOPOB, MPEABABISIECTCS Pl TpeOOBaHUI:

*  YCWIMTENW AOJDKHBI oOnajmatk OonbmmM Kod(dduumeHTOM
YCUJICHHUS;

*  YCHJIUTEIb, MOAKIIOYCHHBIH K JIETEKTOPY, MOHKEH MMETh 110
BO3MOKHOCTH MHMHUMAaJIbHBIA ypoBeHb IIymMoB. Ilpu ycunenun
CJ1a0bIX CUTHAJIOB C JIETEKTOPOB U3IYyYEHHH Cepbe3HbIe TPYIHO-
CTH BBI3BIBAIOT TaK Ha3blBaeMbl€ IIyMbl — (PIYKTyallud Harmpsike-
HUH, BO3HUKAIOIINE B YCHIIUTENSAX 32 CUET (UIYKTyalluH dJIEKTPH-
YEeCKHX 3apsA70B B TpaH3UCTOpax M AeTansx cxeM. LllymoBbie um-
MyJbChl HAKJIaJbIBAIOTCS HA UCCIENyeMble CUTHAJIBI C JAETEKTOpa
U TPUBOJAT K (QUIYKTYyalusiM aMIUTUTYIbl 3TUX cUTHanoB. LIlymsl
MOTYT BO3HUKATh B JIFOOOW TOYKE YCTaHOBKH, HO OYEBHIHO, YTO
HauOONBIIMKA BKJIAJ B CyMMAapHBIH ypOBEHb IIYMOB Ha BBIXOJIE
YCUJIUTEISI JaeT IIyM MEePBOT0 KacKaja YCUJICHHUS;

* I MONMY4YeHHsS MAaKCHUMaJbHON aMIUIUTYIbl MMITYJIbCOB Ha
BBIXOJIE JIETEKTOpa MPHUXOIUTCS BBIOMpATh OOJBIIOE 3HAYCHHE

~3-10°B.
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COIIPOTHUBIICHUS HArpy3ku Ry, MO3TOMY CUTHAJIBI UMEIOT POAOJI-
KUTEIbHBIM crajl. DTO MPUBOIUT K HAJNOXKEHHIO CUTHAJIOB U B
UTOTE, €CIIM HE MPHUHSTH CIEUUATIbHBIX MEp, aMIUIMTYAbl TaKuX
HAJIOKCHHBIX HMITYJIbCOB OYAYT OTIMYATHCS OT AMILTUTY] HM-
MyJIBCOB, COOTBETCTBYIOIIUX OTAEIbHBIM YaCTHUIIAM, U U3MEPECHHUS
JaayT HEBEPHBIN pe3yJbTar.

Jlyig ycTpaHeHHs 3TOTO SIBJICHUS B YCHIIUTENSIX OOBIYHO MOCIE
MEepPBOro Kackaja ycuwieHus BBOAAT nuddepernupyoomyo R,C -
LENOYKY, Ha KOTOPOH MPOMCXOAUT YKOpPAuMBaHWE CHUTHaNA
(puc. 6).

VYpoBeHb LIYMOB YCUJIUTENS 3aBUCUT OT MOJIOCHI MPOITYCKAHUS
yeunutens. OyHKIHUIO 3JIEMEHTa, 33J1al0IIEer0 HIDKHIO YacTOTY
MOJIOCHI TIPOITYCKaHUS B YCHJIMTENE, OOBIYHO BhINONHSET audde-
pennupyomias R,C; - nenoyka, KoTopas 0JHOBPEMEHHO UCIOJIb-
3yeTcs sl YKOpauyuBaHUsl UMIYJIbCOB. BepxHsis mosoca mporyc-
KaHusl onpenensiercs uarerpupyromen R,C, - nenoykou, crenu-
aJIbHO BBOJAMMOM JJISl 3TUX IIeNiel B YyCUIIUTENb (CM. pHC. 6).

R, | E Brixon

R I C.

Puc. 6. ®opMmupoBaHue cUTHANA C AETEKTOPA B yCHIIUTENE

B naGopatopuu ais ycusieHusi CUTHAJIOB C UMITYJIbCHOM MOHHU-
3allMOHHOM KaMepbl, ra30BOT0 IPOMNOPLUUMOHAIBHOIO AETEKTOPA,
[ITJI ucrions3yercst yCUIUTEND, YAOBJIETBOPSIONIMN BCEM Iepe-
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YHCJIEHHBIM BbIIIE€ TPEOOBAaHUSAM. DTOT CTaHAAPTHBIN YCUIIUTEb,
KOTOPBIM HA3BIBACTCS CIIEKTPOMETPUUECCKUM YCHUIUTEIIEM, COCTO-
uT U3 aByx OsokoB: mpexycwimrenss bYC2-01-1 u ocHOBHOrO
yewurenss bYC2-47. [lpeaBapuTelbHbId YCUIUTENb pa3MeIIaeT-
Csl HEMOCPEACTBEHHO Y NETEKTOpa, YTO MO3BOJSET CBECTH K MHU-
HUMYMY 3KBUBAJICHTHYIO EMKOCTh IeTEKTOPA Coyp.

B nmaboparopubsix padotax «Cuerunk ['eiirepa — Mrosepa» u
«CHUHTWUISIUOHHBIA JETEKTOP», Te, KaK YK€ 0TMEUYaIOCh, aM-
IUITMTY/Ia CUTHAJA 3HAYUTEIbHO Ooubliie, A YCUIeHUs U (GopMHU-
POBaHMSI CUTHAJA UCTOJIB3YIOTCS AMUTTCPHBI TOBTOPUTENH, UT-
parouii pojib COrjacyrollero Kackaaa, U yCHIUTENb ¢ HeOONb-
M K03(pPUIIMEHTOM YCHIICHHS.

4.2. AMILIUTYAHBIH aHAIN3

Nmmynibe Ha BBIXOJIE YCHWIIMTEIBHOTO TPAKTa XapaKTepU3yeTCs
CIICAYIONIMMHU TIapaMeTpaMH: aMIUIUTYJOU, MOJSPHOCTHIO, JUTH-
TEIHHOCTHIO, BPEMCHEM HapacTaHUs TepenHero (poHTa, BpeMe-
HeM crana. Jls KOHTpOJIs 32 HATMYMEeM UMIYJIBCOB C JIETEKTOPA,
M3MEpPEHUEM aMILTUTYIbl U BPEMEHHBIX MapaMeTPOB HA BBIXOJC
YCUIUTENBHOTO TPaKTa WM COTJIACYIOIIMX CXEM HCIOJIb3YeTCs
ocmutorpad.

NMnynbchl HECYT pa3NuyHyr0 MHQOPMAIMIO O pErucTpupye-
MOM H3JIy4eHUH. UHCII0O UMIYJIBCOB B CEKYHJY XapaKTepU3yeT
WHTEHCUBHOCTh M3JIy4eHUs, UX (hOpMa MOXKET AaTh HHPOPMAITHIO
0 BUJC W3JTYUYCHHSI, aMIUIUTY/Ia UMITYJIbCOB, KaK IMPaBUIIO, OMpe-
JeNAeTcsl PHEprueil, KOTOpy MoTepsiia 3apsHKeHHAs YacTUla B
pabouem BemecTBe JeTekTopa. Tak Kak B 1a00opaTopuy OCHOBHOE
BHUMaHUE YAENSeTCS W3MEHEHHUIO aMIUIMTYH HMITYJIbCOB, pac-
CMOTPHM 3TOT BOTIPOC OoJiee oApOOHO.

[To onpeneneHuto, AETEKTOPHI, y KOTOPHIX BETHMUYNHA aMIUIUTY-
JBI B CPEJTHEM CBOEM 3HAYCHHUH TPSIMO MPOMOPIIMOHAIBHA ITOTe-
PSHHOM B JIETEKTOPE YHEPTUH, HA3bIBAIOTCS NPONOPYUOHATLHBIMU
oemeKkmopamu.
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AHanmu3 paboThl UMMYJILCHON MOHHW3AIMOHHOW KaMephl, MpOo-
MOPLMOHAIBHOIO JETeKTOpa C ra3oBbIM ycuieHueM, I u
CUMHTWIJISIUOHHOTO [JETEKTOpa IOKa3aj, 4TO aMIUIMTyAa HM-
IyJbCOB HA BBIXOJIE 3TUX JAETEKTOPOB IIPONOPLIMOHAIbHA SHEPTUU
yacTuubl. CienoBarenbHO, U3MeEpss aMIUIMTYIbl UMITYJIbCOB Ha
BBIXO/IE YCHJIMTEJBHBIX YCTPOMCTB, MOJKIIIOUEHHBIX K IPOIOP-
LUOHAJIBHBIM JI€TEKTOPAaM, MOXXHO OIPEIEIUTh 3HEPIHI0, IOTe-
PSIHHYIO 3apsDKEHHOM yacTuieil B pabouem BelecTBe.

Belmie a5 ynpolieHus npeanonaraiochk COOTBETCTBUE MEXIY
aMIUTUTYAON UMITYJIbCA U SHEPTUEH YacTHIIb, IOTEPSHHON B 00b-
eMe JleTeKTopa. B peanbHbIX ciiyyasix Tako€ COOTBETCTBHE HUKO-
I'/1a HE BBIIOJIHSETCA 110 LIEJIOMY PALy IPUYMH.

Bo-niepBbIX, 3apsbkeHHas 4yacTHUlLla B JETEKTOPE TEPSET CBOIO
SHEPIUI0 10 HECKOJIBKMM KaHajaM (Hampumep, Ha MOHM3ALUI0 U
BO30YyKJeHHE pabovyero BEIIeCTBA), 1 COOTHOUIEHHE MEXIY ITH-
MU IOTEPSIMU DHEPIMM HOCUT CTaTUCTHUYECKHM xapakTep. CraTu-
CTUUECKUH XapaKTep HOCAT TaKXKeE IMPOLECChl B JIETEKTOpE, CBS-
3aHHBIE C JIBUXKEHHEM HocuTelnell 3apsijia, o0pa30oBaHHBIX YacCTH-
LEH.

Bo-BTOpHBIX, BCeraa MMeeT MECTO JOIOJIHUTEIbHBIA pazOpoc
aMIUIMTYJl UMITYJILCOB 3a CYET Pa3HOIO poJia TOKOB yTEYEK Yepe3
JNETEKTOp MpPH MOJaue Ha HEro BHEUIHETO AJIEKTPUUYECKOIro IOJIS.
Kpome TOro, Kak yxe OTMEYajoch BBILIE, HA UCCIECIYEMBIE CHUT-
HaJIbl C JIETEKTOPA HAKJIaJbIBAIOTCS IIYMOBBIE UMITYJbChl YCHIIH-
TeJIsA, YTO TAaK)Ke MPUBOJIUT K (IIYKTYAIMsIM aMIUTUTYH MOJE3HBIX
curHainos. [loaToMy npu NOTJIONIEHUH B JIETEKTOPE MOHORHEpre-
TUYECKUX 3apsDKEHHBIX YacTUL[ MMITYJIbChl HAa BBIXOJAE YCUIIH-
TEJbHBIX YCTPONCTB, MOJKIIOYEHHBIX K JETEKTOPY, BCEI/1a UMEIOT
HEKOTOPBI pa3dpoc Mo aMIUIUTYJaM, T.€. BIIOJHE ONpeesIeHHO-
My 3HAYEHHUIO PHEPruHM YacTHUIl COOTBETCTBYET HEKOTOPOE pac-
IIPEJIEIIEHUE UMITYJIbCOB M0 aMIUIUTYIaM.

O4eBHIHO, YTO pacIpeesieHHe HUMITYJIbCOB MO aMIUIUTYyIaM
11eJ1Iec000pa3HO XapaKTepu30BaTh CPEIHUM 3HAUEHHEM aMIUIUTY-
Il 1 HEKOTOPBIM IapaMeTpoM, OMHUCHIBAIOIIUM paz0poc aMIuIu-
TyJl OTHOCUTEIIBHO CpeaHEro 3HaueHus1. OLIEHUTh cpeaiHee 3Have-
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HUE aMIUIUTYJ UMIIYJbCOB MOXKHO C IMOMOIIBIO OcHuiuIorpada.
Haiitu ke 3aK0H, 110 KOTOPOMY PacIpeIeeHbl UMITYJIbChI 110 aM-
IJIUTY1aM, TIO3BOJISIFOT CIELUAIbHBIE AIEKTPOHHBIE YCTPOMCTBA —
MHOTOKAaHaJIbHbIE aHAIM3aTOPhl UMITYJIbCOB. Mes paboThl 3THX
pruOOpPOB WILTIOCTPUPYETCS PUC. 7.

Juanazon ammumtyn oT 0 10 AV, pa3OouBaeTcs Ha paBHBIC
[0 BEJIMYMHE MHTEPBAJIBl aMIUIATYZA. YHUCIO TaKMX HMHTEPBAJIOB
XapaKTepU3yeT YUCIIO KAHAJIOB aHalIM3aTopa MMILYJIbCOB, a ILIH-
pUHA MHTEpBaja Ha3blBaeTCs LIMPUHON KaHala. B MHOrokaHamb-
HOM aHAJIM3aTOpEe B KAXKIOM KaHaJle MPOUCXOASIT CyMMHUpPOBaHUE
Y 3allOMMHAHUE YMCJIA UMITYJbCOB, [TONABIIMX B JAHHBIA MHTEp-
BaJI aMILTUTY/]l 32 BPEMSI U3MEPEHMUS.

OaHUM U3 OCHOBHBIX 3JIEMEHTOB aHAJIM3aTOPA UMITYJIbCOB SIB-
JsieTcs mpeodpa3oBareNb aMIUIMTYIBI UMITYyJIbCa B KOJ: aMIUIH-
TynHO-IMPpoBoil mpeobpazoBatens (ALIl). B naGoparopuun
cnekrpomerpudeckas ata ALIl pasmeniena B cucteMHOM 0I10-
K€ MEepCOHANBbHOTO KommbloTepa. [lopsanok paboTsl ¢ aMIUIUTYA-
HBIM aHAJIM3aTOPOM Ha 0a3e NMEePCOHAIBHOIO KOMIIbIOTEpPA NPUBE-
JIEH B OT/I€JIbHOM MHCTPYKIUU.

Kananst
AVMaKC

R N W s

Puc. 7. IlpyHuIMI NOTy4YeHUs PACIIPEIEIEHUS UIMITYJIBCOB 110 aMILTUTYAaM

['padmyecku nHGoOpmalys, NoJydyeHHasi ¢ TOMOUIbIO aHau3a-
TOpa UMITYJIbCOB, OOBIYHO MPEICTABIISETCS B BHJI€ TUCTOTPAMMBI,
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I7ie TI0 OCH aOCITUCC OTKJIabIBAlOTCS HOMepa kKaHajioB N, a 1mo
OCH OpAMHAT — YUCJIO UMITYJIbCOB N, TOMAaBIINX B IaHHBIN KaHAJL.

Bropoii cioco6 rpaduyeckoro npeacTaBieHus HHPOPMAIIH C
aHaJIM3aToOpa 3aKJII0YAETCs B alllIPOKCUMUPOBAHUM TMCTOTPAMMBI
IUIaBHOW KPUBOM, KOTOPOW IOCIENOBATENBHO COCAUHSIOTCS Op-
JUHATHI LIEHTPOB Ka)KJI0T0 KaHaJla aHaJIu3aTopa.

Ha puc. 8 mpuBeneHbl TUIUYHBIE paclpeiesieHUs] UMITYJIbCOB
10 aMIUIMTyAaM, nosrydaromuecs npu perucrpauuu [T monHo-
SHEPTeTUYECKUX allb(a-dyacTull ¢ F3Hepruer okojo 5 MaB (puc. 8,
a) ¥ TaMMa-KBaHTOB ¢ E, = 662 kB (137Cs) CUMHTUJUISLUOHHBIM
JETEKTOPOM C HEOPTaHUYECKUM KpUCTaIoM (puc. 8, 0).

n n
Nol---------- a)
AN
n0/2 ----- -
Nlmax N szax Ny

Puc. 8. Pacripenenenne UMITyIIbCOB MO aMIDIUTYAaM: a — OT o-gactull ¢ E, =5 MaB B
MIIA; 6 — ot y-kxBaHTOB € E, = 662 K3B B CHUHTHIUISIINOHHOM JETEKTOPE

Pacnipenenenue ot anbda-gacTuil npeicTaBiIseT coO0oil KpH-
BYyI0, OM3KYI0 K HOpPMalbHOMY pacmpenenenuto. CI0oXHBINH Xa-
pakTep pacupeneseHus MMITYJIBCOB II0 aMIUIATyJaM OT ramMma-
KBaHTOB OOBSCHSETCS pa3IMYHBIMU MPOIIECCAMU B3aMMOICHCTBHUS
raMMa-KBaHTOB C BEIIECTBOM CIIMHTHILISATOPA.

Ecnu getekTopoM perucTpupyroTcsi MOHOIHEPTreTUYECKHUE Yac-
THULBI, TO MOJYYaIOIIUECs paclpeieseH s, 10 ONpeleiIeHHIo, Ha-
3BIBAIOTCA  ANNAPAMYPHOU  (OPpMOL  TUHUU — CHEKmpOMempa
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(ADJI). Tlox ciekTpoMeTpOM B JaHHOM Cydae MOHMUMAETCS CHC-
TEMa: IETEKTOp + PErucTpUpyIollas anmnaparypa.

Takum oOpa3om, IpUBEIECHHBIC BHIIIEC PACIPENCICHUS SBIIS-
1orcst ADJI cieKTpoMeTpoB anb(ha-4acTUIl U TaMMa-KBaHTOB.

E n

P

AN;

Nlmax szax Nimax Nk

Puc. 9. DHepreTnueckas KaanOpoBKa CIIEKTPOMETPa U U3MEPEHHE MOJIHOTO abCOIOTHO-
IO SHEPreTHUECKOTO pa3penIeH s JUTsl JaHHOH SHEPTHHU YacTHII.

st onucanuss ADJI npuHITO MCHOJIB30BATh JIBA MapamMerpa.
IlepBslii mapaMeTp — 3TO MOJOKEHUE MAKCUMYMa paclpeacieHus,
10 KOTOPOMY IIPU COOTBETCTBYIOIIEH KaIMOpPOBKE CHEKTPOMETpPa
MOKHO OIPEIENNTh YHEPIHI0 YacTHll. BTopbiM mapamerpom yc-
JIOBWJINCH CUWTATh IIMPHUHY PACHpPEIENICHHs] Ha €ro IOJIyBbICOTE
AE;, BbIpaXXEHHYIO B €IUHHIIAX HHEPTUU. DTOT MapaMeTp Ha3bl-
BAIOT HNOJIHLIM AOCOTIOMHBIM IHEP2EMUYECKUM pas3peulenuem
cnekmpomempa sl JAaHHOM 3HEpTuu yacTul (puc. 9).
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5. OIMCAHUME CTAHJAPTHbBIX OKCIIEPUMEHTAJIb-
HBIX METOJUK

5.1. DHeprernyeckasi KaJMOpPOBKa CIIEKTPOMeETPa U U3Mepe-
HHe NOJTHOI0 a0COJTIOTHOI0 M OTHOCUTEJIBHOI'0 JHEepreTuye-
CKOr0 pa3penieHus

Kak BuznHO u3 puc. 9, BTOpoii napameTp, BBEJCHHBIN JJIs ONU-
canusg ADJI, — mupuHa pacrpeseseHuss Ha €ro MOJyBbICOTE BBI-
pakaeTcs He B €IMHUIAX YHEPTUH, a B YUCIIC KaHAJIOB aHAIHN3aTO-
pa AN. Jlns onpenenenus BenuuuHel AE, B sHepreTuueckux enu-
HUIIAX HEOOXOIMMO 00s3aTeNbHO TPOBECTH KATHOPOBKY CIICK-
TpomeTpa 1o 3Hepruu. C 3Toi Lenblo AeTEKTOp 00JIyyaroT 4acTu-
[[aMH M3BECTHBIX SHEPrUil M Ha aHAJIM3aTOpe CHUMAaIOT Habop
A®JIL. Ilo pe3ynpTaTaM U3MEpPEHUN CTPOUTCS 3aBUCHUMOCTb MEX-
Iy HOMEpaMH KaHaJOB aHAJIM3aTopa B MaKCUMyME pacrpejee-
HUS U SHEpPIrUel YacTHULL.

W3 momydeHHON 3aBHCHMOCTH BBIYUCISETCS IIMPHUHA KaHaia
aHanmm3aTopa o =1{gp B PHEPreTHYECKUX €IUHHIAX (Hampumep,
k3B/kanan). Benmuunnaa AE,; mist sneprum E; Haxomutes u3 dop-
mynsl: AE; = AN, - o, rae AN; — uncio kaHanoB, paBHOE LIMPHHE
pacripesielieHust Ha ero noyyBbicote A sHepruu E;. Yacro Haps-
oy ¢ BenmuuHOW AE, MONB3YIOTCS TOHSTHEM IOJHOTO OTHOCH-
TEJILHOTO YHEPreTUYECKOro pa3pelleHns ClIeKTpoMeTpa:

o= AE, -100%.
E

Onucanne ADJI ¢ OMOIILIO BETUYUHEI TTOJIHOI'O a0COJIIOTHO-
r0 M OTHOCUTEIBHOTO HHEPreTUYECKOro pa3pelieHus OYEeHb
yn00HO, TaK KaK MO3BOJIAET CEJIaTh BBIBOJ O CIOCOOHOCTH CITECK-
TpoMeTpa paspemuth ADJI oT AByX OIM3KO PACIONOKEHHBIX
IPYIIT MOHO3HEPreTUYECKHUX YACTHIL. TaK, €Cly 4acCTHUIbl pa3HOU
sHepruu aarT ADJI 0lMHAKOBOM MHTEHCUBHOCTH U PAacCMOJIOXKe-
Hbl Ha paccrosiHuu E, —E; > AE_, To nuHumn HabmogaroTces ere

pasnensHO (cM. puc. 9).
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5.2. Bbi0op BpeMeHH U3MepeHUil 1Mo 3aJaHHOI CTATHCTHY e-
CKOM ommoOKe

Bce akcniepuMeHTaIbHbIE PEe3YNbTAaThl, IPUBOIMUMBIC B OTYETE
1o 1abopatopHoil paboTe, JOHKHBI COACPKATh MOTPEIIHOCTH U3-
MEpPEHUH ¥ 3alKMChIBATLCA B BUJE X +o(X), IIe X — BEIOOPOUHOE

CpelHEE 3HAYECHHE HCKOMOHM 3KCIIEPUMEHTAJIbHOW BEJIMYUHBI,
o(X) — OIlCHKA CPEIHEKBAPATUUHOTO OTKIOHCHHS BHIOOPOUHOTO

cpeanero. Ecnm sKcniepuMeHTaNbHbIE PE3YNbTaThl MPUBOASATCS
rpaduuecKu, TO COOTBETCTBYIOLIUE OMIMOKU JOJKHBI OBITH HPH-
BeZICHbI Ha rpaduke. Meronnka HaXOXICHHUS OIIMOOK pe3yibTa-
TOB M3MEpEeHMH u3inaraercs B Kypce «Meronsl o0paboTku pe-
3yJIbTAaTOB U3MEPEHUID.

ITockonbky B OONBIIMHCTBE Ja0OPATOPHBIX PAabOT OCHOBHAs
3aJa4a 3aKJIIYaeTCsl B CHATUU PACHPEACICHUN HMIIYJIBCOB I10
aMIUTUTYAaM C BBIXOJ[a CIEKTPOMETPa, PACCMOTPUM TOJBKO BO-
Ipoc, CBA3aHHBIM C BEIOOPOM BpeMEHU Habopa 3THX pacupeaerne-
HUM.

Yucno yactuny N, momajgaronmx B AETEKTOP 3a KaKOW-TO WH-
TEpBaJl BPEMEHU, SIBJIETCS CIy4allHOW BEIMYMHOM, M TaK KaK HcC-
TOYHUKH MOHU3HUPYIOIIUX W3ITY4EHHUH, HCIOJb3YIOUINecs B J1abo-
paTopHBIX paboTax, UMEIOT MEPUO/bI MoTypacnaja CylIeCTBEHHO
00JIbIIe, YeM BpeMs OTAEIBHOTO U3MEPEHHUS, TO YUCIO COOBITHH,
PETUCTPUPYEMBIX JETEKTOPOM, paclpeneneHo mno 3akoHy Ilyac-
COHa:

AT\N
povy =0,
N!
rme N — cpelHee YHCIO COOBITHH, 3aperMCTPHPOBAHHEIX JETEK-
TOPOM.

Yucno UMITyabCOB, MONAAIONIMX B KAKOH-JIMOO KaHaJl aHaJIH-
3aropa, SIBJISETCS BBIOOPKOM M3 MCXOJHOIO IyacCOHOBCKOTO I10-
TOKa, TPUYEM OCYLIECTBISIEMOHN ciay4ailHbIM oOpazom. ITosTomy
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YHCIIO UMITYJICOB B JIIOOOM KaHajie aHanu3aTopa (QpIyKTyupyer B
COOTBETCTBHHM € 3aK0HOM IlyaccoHa.

W3BecTHO, 4TO U1 TyaCCOHOBCKOT'O MOTOKA COOBITUN JTaXke IO
qucay coObiThii N, MoJydeHHOMY B OJHOM H3MEPEHHH, MOXKHO
cieNaTh OLEHKY CpeAHEKBaIPaTUYHON (IyKTyalluy BeTUnIrHbI N:

c=+N.

Torma otHocuTeNIbHAA OIIUOKA BEJIMUUHBI N
o 1

0=—=——.
N N
[Toatomy, ecnu B abopaTopHOil pabore TpeOyercs BHIOPATH
BpeMsi HM3MEpEHHsl TaKMM 00pa3oM, YTOOBI CTATHCTUYECKas
omuOKa B MaKCHMyME aMIUTUTYIHOTO PACIPEICIICHUs] COCTaBIIs-
na, Hanpumep, He O6osee 3 %, HEOOXOAUMO BBITIOJIHHUTH CIICHAYIO-
e OTIePALIUU:

1
1) w3 cootHOmICHUS & = —— < 0,03 BBIYHCIUTH BeTHUUHY N;

VN
2) HabpaTh 3a MPOU3BOJILHO BHIOPAHHOE BPEMsI aMILTUTYIHOE
pacnpezeieHue;

3) CpaBHHTH YHCIIO UMITYJILCOB B MAKCUMYME aMILTHUTYIHOTO
pacnpezielieHus: ¢ pacue€THBIM U, €CIIM U3MEpPEHHAas BeJIMUMHA OKa-
3bIBA€TCS MEHBIIE PAacUETHOM, HY)KHO YBEIMYUTh Bpems Habopa
MH(pOpMaILMU B COOTBETCTBYIOIIEE YUCIIO Pa3.
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6. BBOJHOE 3AHSITUE B IABOPATOPUMN «METO/IbI
PEI'UCTPALIMU U3JTYYHEHHUN»

Llenv  pabomwi: o03HaAKOMIEHUE C MEMOOUKOU 50epHO-
Quzuueckoeo dKcnepumenma, 0emeKmopamu UOHUSUPYIOWUX U3-
JYUeHUll U UX OCHOBHbIMU  XAPAKMEPUCTUKAMU, SO0EPHO-
@usuueckot annapamypoul.

Padouee 3aganue

1. IlomyunTs y mpenomaBaTeiss KOHTPOJBHBIE BOIPOCHI TIO
TEOPETUYECKON YacTh BBOJHOIO 3aHATUS U OTBETUTh Ha HUX
MUCHMEHHO B oTuete. [Ipu oTBeTe peKOMEHIyeTCsl HCIIOIb30BaTh
puc. 1 — 9, KoTOpble WUTIOCTPUPYIOT NPUHIMIIBI ASHCTBUS HOHU-
3alMOHHBIX W CIUHTWUISIHOHHBIX JIETEKTOPOB W HEKOTOPHIE
CTaHJapTHBIE SKCIIEPUMEHTAIbHBIE METOIUKU.

2. O3HaKOMUTHCSI CO CTPYKTYpPHOM cXeMoil J1abopaTopHOH pa-
00THI, IPEATIOKEHHOH ITperoiaBaTesieM, IPUBECTH €€ B OTUETE.

3. C momoipl0 MpenoaaBaresis WM JeKYPHOTO HHXKEHepa
BKJIFOYMTh YCTAHOBKY, MOJIYYUTh Ha OocLMIIOrpade UMITYJIbCHI C
BBIX0JIa AJIEKTPOHHOTO TPAKTa, MOAKIIOUYEHHOTO K JIETEKTOPY. 3a-
pHCOBaTh C yKa3aHHEM MaclITaba napaMmeTpbl UMITYJIbCOB.

4. 3y4uTh MHCTPYKLUIO IO pabOTE C aHAJIU3aTOPOM HUMITYJIb-
COB Ha 0a3e MEepCOHATBLHOIO KOMIIbIOTEpa. YCTAaHOBUTH BpEMs
M3MEpeHus B 1uana3one 1-2 MuH.

5. Habpatp pacnpeneneHue UMITYJIbCOB Mo amIiuTyaam. I1po-
aHAJTM3UPOBATh TOJNYYCHHOE paclpesesieHre. BwIaenuTs xapak-
TEpHBIE YYaCTKH, [0 KOTOPBIM MOXHO HJIEHTH(PHULIHUPOBATH SHEP-
THIO PETUCTPUPYEMBIX YaCTHII.

6. Ilomyunts y mnpemnopaBaress BEIMYUHY CTaTUCTHYECKOM
OMMOKH, KOTOPOH JOJDKHO YAOBJIETBOPATH YHCIO WUMITYJIBCOB B
MaKCUMyM€ aMIUTMTYIHOTO pacIipe/ielIeHus, TPOU3BECTH pacueT
TpeOyeMoro ymuciia UMIyibcoB. CpaBHUTH BEIHYHHY, TOTYYCH-
HYIO B DKCIIEPUMEHTE, C PacUeTHOW U NMPH HEOOXOIUMOCTH YBe-
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JIUYUTh BpEMsSI UBMEPEHUN B COOTBETCTBYIOLIEE 4YUCIO pa3. Ilpu
BBIOPAaHHOM BpPEMEHU H3MEPEHUH MOBTOPUTH HabOp HHpOpMa-
1.

7. lloBroputh M3MepeHUs M. 6 UIsl HECKOJIBbKUX H3BECTHBIX
SHEepruil u3iydeHus (BO3MOXKHO HCIOJIb30BAHUE UCTOYHMKA, KO-
TOPBII U3JIydaeT BE, TPU UK 00Jiee JIMHUNA OTHOBPEMEHHO).

8. IlocTpouTh TIHCTOrpaMMbl IOJIYYEHHBIX paclpeaesIeHU.
BBINONMHUTE 3HEPreTUYECKYI0 KaTMOPOBKY LIKAJIbI aHAJIM3aTOpa.
OnpenenuTs NOJHOE a0CONIOTHOE U OTHOCUTEIBHOE SHEpreTnye-
CKOE pa3pelIeHHE CIIEKTPOMETpPA Ul MCIOJIb3yEMbBIX B OIBITE
3HAYEHUW SHEPTUH.

9. Bce pe3ynbraThl BHIUMCICHUN U U3MEPEHUN NPUBECTU B OT-
YeTe, COCTABJICHHOM B COOTBETCTBUM C TPEOOBAHUSAMU, U3JTOKEH-
HBIMU B IPHJIO’KEHUH K JAHHOM J1a0opaTopHOii padore.

KoHTpoJibHbIe BONPOCHI U 3a]aHUs

1. HapucoBaTh 3KBUBAJICHTHYIO CXEMY BKIIOYCHHUS MOHHU3a-
IIMOHHOTO JCTEKTOpA.

2. B dem 3akirodaercss TPHHIMIN PabOThl MOHH3AIIMOHHBIX
JETEKTOPOB?

3. Pabota kakux OETEKTOPOB OCHOBaHA Ha MOHU3AIMOHHOM
METO/I€ PEerUCTpaLNH?

4. U3 Kakux 3JIEMEHTOB COCTOUT CIUHTWIISITUOHHBIN JICTEK-
TOp?

5. HapucoBarh 35KBUBaJICHTHYIO CX€MY BKIIFOUCHUS CIIMHTHUII-
JSIUOHHOTO JAETEKTOpA.

6. 3adem B ycwiurTene HUCHOIB3YIOT IUdEpEHIHPYIOMIYIO
R,C, - memouky?

7. Tloyemy mpW pErHUCTpPAIldd MOHOIHEPTETHUYSCKHUX YACTHIL
aMIUTUTYZIbI UMITYJIbCOB Ha BBIXOJIE CIIEKTpOMETpa (QIyKTyHPY-
0T?

8. JlaTte ompeeneHue MPOMOPIHOHATBHOTO ACTEKTOPA.
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9. B dem 3akiovaercss IpUHIUI TTONydeHus: nuddepeHu-
AJIGHOTO pacIpeesieHUs] UMITYJIbCOB IO aMILTUTYAaM?

10. ate ompeneneHre MOTHOTO aOCOTIOTHOIO U OTHOCHUTEINb-
HOT'O SHEPreTUYECKOro paspelleHuss CHEKTPOMETpa JUlsl JaHHOU
SHEpPIrUU YaCTHII.

11. Kak wusmeputh nojaHOE aOCOJIOTHOE U OTHOCHUTEIBHOE
HHEPreTUYECKOe pa3peleHre CIEKTPOMETpa JUIsl JaHHOW SHepruu
yactun?

12. Kakumu razamu oOBIYHO HAIOJIHSIOT a30BbIE MOHU3AIIHU-
OHHBIE JIETEKTOPHI U 1ouemMy?

13. Kak npoucxoaut peructparus He3apsKEHHbIX 4acTHUI] HO-
HU3AIMOHHBIMU JIETEKTOpaMu?

14. OueHuTh MaKCUMAJIbHYIO aMIUIUTYly UMITYJIbCA Ha BBIXO-
Jle MOHU3AI[MOHHON KaMepbl, 3alI0JJHEHHOM aproHOM, IPU PEerucT-
paruu anbda-gactun ¢ E, = 1 MdB, cunras, uro C,g = 20 nd.

15. Kak 00b9HO TpauvecKu MPEACTABISIOT pacIpe/IeICHue
UMIIYJIbCOB 110 aMILIUTYE?

16. Yro Takoe anmaparypHas popma JIMHUYU CIIEKTpoMeTpa?

17. KakuMu napameTrpamMu XapakTepu3yeTcs paclpeieieHue
UMIIYJIbCOB 110 AMILIUTYyaM?

18. Kak ocymecTBisercsi sHepreTuyeckas KaluOpoBKa CIIEK-
TpomeTpa?

19. Kak BbIOpaTh BpeMsi H3MEPEHHS TIPH 3aJJaHHON CTATUCTH-
4yecKoi ommoke?
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IIpuioxenne 1

TPEBOBAHMUSA, TIPEABABJISAEMBIE K OTUETY 11O
JABOPATOPHOM PABOTE

Otuer o mpojienaHHoN paboTe JOKEH COOTBETCTBOBATH Pop-
Me Hay4HBIX CTaTei U 00s13aTeIbHO COJePKATH!

yenv pabomwvl — KpaTko (HOpMyIHpYyeTcs MOCTaBJICHHAs IEpell
HKCIEPUMEHTATOPOM (U3NUECKas 3a71aya;

meopemuyeckas 4acmes — KPAaTKO H3JIaracTcs Ha3Hau€HUE U
MPUHIUN pabOTHl UCCIETYEMOTO IETEKTOPa, ero Hanboee Xapax-
TEepHBIE MapaMeTphl, (YHKIMOHAIBHAS cXeMa JTabopaTOpHOU yc-
TaHOBKH; TPUBOISTCS, €CIIU 3TO TpeOyeTcsl B onmucaHuu jabopa-
TOPHON pPa0OTHI, MpeABapUTEIbHBIE pPacueThl W OIEHKU HCCIie-
TYEMBIX BEJIHYUH;

9KCNEePUMEHMANbHASL 4aCMb — COJCPKUT 00pabOTaHHBIC DKC-
[IEpUMEHTAJIbHbIE PE3YNbTATHI C 005A3aTE€ILHON OLIEHKON MOrpel-
HOCTH MPOBeJIeHHBIX M3Mepenuii. Eciu B paboTte cHUMaroTcs oc-
[WIJIOTPAaMMBI, TO OHH JIOJDKHBI OBITH TIPEACTaBICHBI C 00s3a-
TEJIbHBIM COOJIIOJIEHMEM BPEMEHHBIX U aMIIUTYIHBIX COOTHOIIE-
HUM;

3aka0yeHue — B CxKaTtoi (hopMe JaroTcs OCHOBHBIE BBIBOJBI IO
KaX/IOMY KCIIEPUMEHTATILHOMY pa3zielly; MPOBOISTCS CPAaBHEHUS
MOJTyYEHHBIX 3KCIIEPUMEHTAIBHBIX Pe3yJbTaTOB C TEOPETUYECKH-
MU pacueTaMHt, aHATH3UPYIOTCS PACXOXKICHUS MEXKTYy HUMHU.
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IIpuiaoxenne 2

OCHOBHBIE ®OPMYVYJIbI V1A BBIYMCJIIEHUSA OLIN-
BOK PE3YJIbTATOB U3MEPEHUI

1. Cpenaum 3HaueHHEM (MJIM MAaTEMAaTHYECKUM OXKHJIAHHEM )
CIIy4ailHOM BEJIMYMHBI HAa3bIBAIOT BEIUYUHY

X =M() =Y xp(x)

nin

©
xX=M(x)= J.xp(x)dx :
e
rie P(X) — 3aKOH pacnpeeeHUs CITydailHON BETUYHHBI.
2. CpenHee 3HaueHUE KBajpaTa yKJIOHEHUI CIIy4ailHOW Belu-
YUHBI OT X HA3bIBAIOT Oucnepcueti. J{nsi TUCKPETHON CIy4aiiHOMN
BEJIMYMHBI TUCTIEPCHS PaBHA

D) =Y (% %) p(x,) = x* ~ ¥’

U JUIsl HEIPEPBIBHOM CIIy4aiiHOW BEJIMYUHBI

D(x) = T(x—)_c)zp(x)dx = x? — %2

HeotpuniaTennbHOe 3HAaYeHUE KOPHS KBAJAPATHOTO W3 JUCIEP-
Cuu © = ,/D(X) Ha3BIBAIOT CPEOHUM KBAOPAMUYECKUM OMKIOHE-

Huem CIy4ailHON BEJTMYMHBI.
3. Insg N He3aBUCHMBIX CIy4aWHBIX BETUYMH Zj AMCIIEPCHS
CYMMBI 3TUX BEJIMYHH paBHA CYMME JUCTIEPCHUI:

DY 2)=Y.D(Z).

OTO CBOMCTBO aJANTUBHOCTH AUCIEPCHUI IIMPOKO UCITONIb3YET-
cs Ha mpakTuke. Tak, HanpuMep, €ClIM pacipeielIeHHe UMITYJIbCOB
[0 aMIUIMTYJaM Ha BBIXOJE CIIEKTPOMETPHUYECKOIO TpaKTa am-
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MIPOKCUMHPYETCS HOPMAJIbHBIM pacIipe/ieJieHHeM, TO MOJHOoe ad-
COJIFOTHOE SHEPTeTHUUECKOE pa3pelIeHue MOKHO PEICTaBUTh:

Ael =(2,35)°D, =(2,35)°>.D,

rae Di xapakrepusyloT He3aBUCHMMBbIE MCTOYHMKHM pa3dpoca am-
IUTUTY]] UMITYJIBCOB.

4. buHoMuasnbHOE pacnpeneneHue. Onpenenser BepOATHOCTh
TOT0, YTO M3 OIPAaHUYCHHOTO uncia He3aBUCUMBIX Ng coObrtuii N
MPOM30MACT C OJArONPHUATHBIM HUCXOJIOM, MPHU YCIOBHH, YTO p —
BEPOSTHOCTH OJarompUsTHOTO Hcxona s Kaxaoro u3 Ny coObl-
THI:

p(N)=Cy p"(1=p)"™.

Jliist OMHOMHUAJIEHOTO pacrpeneneHus N=N,p,

D(N) = Nyp(1-p) = N(1—).
NO

B nabopatopHom npaktukyme B pabore «Cueruuk [eiirepa —
Mromnepay onpeaeneHne MmorpemHoCcTH dPPEKTHBHOCTH PETUCT-
paryy KOCMUYECKHX YaCTHI] C MOMOIIBIO TEJIECKONa CYETYMKOB —
TUMMYHBIN CITy4all HUCIOJIB30BAHUS OMHOMHAIBHOTO pacrpesere-
HUSL.

5. Pacnpenenenne Ilyaccona. Ilpu No — oo OuHOMHaIBEHOE
pacnpezeneHue nepexoquT B pacupenenenue Ilyaccona:

NV
p(N)=——e
N!
rae N, KaK 1 B cnyqae HOpMaJIBHOFO pacnpez[eneHI/m, HpI/IHI/IMaeT

7r00BIe MOJIOKUTENbHBIE IIETOUNCIICHHbIe 3HadeHust, N — yoboe,
B TOM 4HCJIE ¥ JPOOHOE MOJIOKUTENbHOE 3HAYCHHE.

Jlns pacnipenenenus Iyaccona D(N) = N .

3akoHoM IlyaccoHa omuceIBaeTcsl psii BaXKHBIX (PU3MUECKUX
sBJIeHUN. B "acTHOCTH, ecnu mepuoa moirypacnana pajaroaKTHB-
HOTO MCTOYHHKA 71/, MHOTO Ooiibliie MHTEepBasia BpemMeHH AT, B
TE€YEeHHUE KOTOPOTO TPOUCXOAMUT PETHCTpAIHs YHCIa pacIajoB,
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pacrpesielieHue uuciaa COOBITUN MOAUYUHSETCS PpacHpeAeIeHUI0
Ilyaccona.

B naboparopHoM NpakTUKyMe UCHOJb3YIOTCS UCTOUHUKH, IS
KOTOpBIX 712>>AT, 103TOMY 3a CpPEeIHEKBAIPAaTUUECKOE OTKIOHE-
HUE HENOCPEICTBEHHO U3MEPEHHOM BeuuHbl N IpUHUMAIOT:

c=+N.

6. Pactipenenenne Iaycca (HopmanbHoe). IIpy N —> o, a Ha

TIPAKTHKE MOXHO CUMTaTh, uTo mpu N > 20, pacnpenenenue Ily-
accoHa IepexoauT B pacupenenenue ['aycca:
1 _(N-N)?
P(N)=——=e "

21N
Jlns HopManbHOTO pacnpeneneuus D(N) = N . IpuBeneHHOe

pacrpeziesieHde MpeAcTaBiIseT coOO0M YacTHBIA Clydaidl rayccoBa
3aKOHA pacHpeeieHUus TUIOTHOCTU BEPOSITHOCTH AJI CIydalHOM
BCJIMYHHEI X:

(-3)?
1 - 2
p(X)dx =—=e ?° dx

N 2mo?

CO CpeJIHHMM 3HAaueHHeM X M aucnepcueit D(x)=c’.

Pacnpenenenue ['aycca mMpOKO HCHONB3YETCA MPHU AHAIHU3E
OKCIIEPUMEHTANBHBIX PE3YyIbTaTOB, 4YTO SBJISETCS CIEACTBHEM
LEHTPAIbHOU IIPENEIBHON TEOPEMBI TEOPUH BEPOSITHOCTEN. B co-
OTBETCTBUU C ITOM TEOPEMOIi, €cliu cllydyaiiHas KOHEYHas Belu-
YHHA NPEeCTaBIIsAeT cO00i CyMMY OOJBIIOTO YKCIa HE3aBUCUMBIX
CIIy4aifHbIX BEJIMYMH MPAKTUYECKU C MPOU3BOJIBHBIMU pacrpee-
JICHUSIMU, TIPU YCJIIOBUM KOHEYHBIX CPEIHUX W JMCIICPCHI, TO B
npejese ciay4aiiHas KOHeYHas BelIWYHHa pacmpezeneHa mo [ayc-
cy. Jpyrumu croBamMu, MHOTOKpaTHas CBEPTKA MPOW3BOJBHBIX
pacnpeseneHnii IPUBOJUT K HOPMAITLHOMY pacIipe/ieICHHIO.

7. TlorpenHocTy HempsAMbIX u3MepeHui (dhopmyrna mepeHoca
omnOok u3Mepenuii). Ecnu uckomas BennunHa Y cBs3aHa ¢ HETIO-
CPEICTBEHHO M3MEPSEMBIMH BEITMIMHAMH X1, X2,..., Xn QYHKITHCH
Y = f(X1, X2,..., Xn), TOE X1, X2,..., Xy — HE3aBUCHMBIC CITyuaiiHbIC
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BEJIMYUHBI, MMEIONINE CPEAHEKBAAPATUUECKUE OTKJIOHEHHUS Of,
02,..., On, TO

2
n
B =av)= ¥ L] 674
i1 \ OX;

8. CraTucTHUecKHE HapaMeETPhbl DKCHEPUMEHTAILHBIX PE3VIIb-
TaTtoB. PaccMoTpenHbie Bbllle (GYHKUIUU paclpeneieHHs] OMUCHI-
BalOT TCHEPAIBHBIE COBOKYITHOCTH, T.€. HAOOP BCEX BO3MOXKHBIX
3HAYEHUH, KOTOPbIE MOXKET IPUHUMATh Cy4aiiHas BeIMYHHA.

B skcnepuMenTax Bcerja UMEIOT JI€NI0 C KOHEYHBIM YHCIIOM
3HAYCHHUH CITY9allHOW BEJIMYWHBI (BBIOOpPKOW). [[JIsl OlIeHKH Hewus-
BECTHBIX IapaMETPOB TEHEPATbHOM COBOKYITHOCTH — CPEIHEro
3HAYEHUS U AUCIEPCUU — BBOJAT CTATUCTUYECKUE IapaMeTphI:
BBIOOpOUYHOE cpeiHee 3HayeHue X ; Dyp.a(X) — amcmepcuio u3me-
psAE€MOW BEJIWYUHBI, T.C. IUCIEPCUI0 PACTIPEICICHUS OTACIbHBIX
3HAYCHUN M3MEpsAeMOl BeIUYnHbI 0K0jI0 X ; D(X ) — mucnepcuio
BBEIOOPOYHOTO CPEJTHETO.

Bri6opounoe cpennee. Hamnydmmm npulnmkeHneM K UCTHUH-
HOMY CpPEJHEMY SIBJISICTCSl apuMETHUECKOe CpelHee X H3MEpeH-
HBIX 3HAYCHHH X1, X2,..., Xn.

n

2
¥="—=xXx
n
Jucnepcus usmepsieMoil BennuuHbl. OLEeHKa MCTUHHOM JIHC-
nepcuu (cocrosiTenbHas u HecMmeteHHas) D(X), monydeHHas B pe-

3yIbTaTe KOHCYHOI'O ynciaa N H3MepeHHI>i, HNMECT BU:

n
Z (xi -X ) ?
D, (x)="———=0,,(x) = D(x).
n—1
Jucniepcus BeIOOpOYHOTO cpenHero. OueHKoN IUcepcuu Bbl-
OOPOYHOTO CPETHETO SABISETCSA BEIUYMHA
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n

Z(‘xi -X )2
D(X)=— =6*(%).
n(n—1)

B cooTBeTcTBUM € LICHTPAIbHOM NPEACIBHON TEOPEMOU CTaTH-
CTUKHM, €CJIM ClIydaiiHas BEJIMYHMHA UMEET CPEIHEE 3HAYCHUE X U
mucriepcuto D(X), To mpu crpemiieHrr 00beMa BBIOOPKH N K Oec-
KOHEYHOCTH (IPaKTUYECKH, ecii n > 20) pacrpeiesieHue BbhIOO-
POYHOTO CpeIHEro X OYAET CTPEMHUTBCS K rayCCOBOMY CO Cpell-
HHUM X U JUCIEPCUEN

D(x) ~ [Z:l:(xi _)NC/)

n n(n—1)
CrtpemiieHHE K HOPMAJIbHOMY PaCIPEICICHUIO TIPU 3aIUCH Pe-
3yJIbTaTa U3MEPECHUH B BUJEC X * 6(X) O3HAYaeT, YTO HEU3BECTHAs

D(x) =

BEIMYMHA X HAXOJUTCS B MHTEPBajC X +6(X) C BEPOSTHOCTHIO
0,68. Ora BeposTHOCTh mNoBblaerca o 0,95 mis uHTEepBasa
X +20(X).

B uacTtHOCTH, eciu pacnpezenieHue BBIOOPKU OJIM3KO K HOp-
MaJIBHOMY paclpeeleHNI0, OLEHKOW MIMPHHBI 3TOr0 pacupese-
JICHUA Ha IMOJIYBBICOTEC SABJIACTCA:

A,,=235/D,,(x) =235

9. Metoa HauMEHBINNUX KBAAPATOB JJIs JIMHEWHOW (QYHKIUU (B
Cllydae paBHOTOYHBIX HM3MepeHwuil). [Ipenmnonoxxum, 9to umeeTcs
COBOKYITHOCTb JKCIIEPUMEHTAJBHBIX JaHHBIX B BHUJAE Map U3Me-

PEeHHBIX 4ncel (X1, Y1), (X2, ¥2),- .-, (Xn, Yn)-
IlycTh HaM M3BECTHO, YTO UCKOMAsi 3aBUCUMOCTb MEXIY V U X
JI0JDKHA OBITh JMHEHHOH, T.e. y =a+ bx. Takum oOpa3om, 3aBu-

CHUMOCTh Y = a + bx onpezenset Y(Xj) B KakI0i TOUKe Xj. ITa 3a-
BHCHMOCTh OY/eT HAWIydIIeH, €ClTM CyMMa KBaJpaToOB OTKJIOHE-
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HU, U3MEPEHHBIX Yi OT 3HAUYEHMH, BBIYUCIEHHBIX )(X,) =a + bx;,
OKa)KETCSl MUHUMAJIbHOM:

3 (3~ (@+bx))? =min

W3 3TOro ycioBusi HAXOAATCS HEU3BECTHBIC MapaMeTpsl a u b

MPSMO:
g = 2D TN DN,
D

b= nzxiyi _inzyi
D

rjae
D= anf —(le.)2 .
Halinennsle 1o MeTOly HAMMEHBIINX KBaJpaTOB 3HAYCHUS a U
b BeIpakaroTCsi Yepe3 CyMMBI CIIyYailHbIX 3HAUCHHUN BEJIUYHH Y H,
CJIEJOBATEIbHO, UMEIOT IOIPEHIHOCTH, KOTOPBIE BBIPAKAIOTCS
CIIETYIOIUMHU (POPMYITAMH:

Zn:(yi _a_bxi)2
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