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JIABOPATOPHASA PABOTA Ne 31

CIIEKTPOMETP T'AMMA-U3JIYYEHUA C JETEKTOPOM U3
CBEPXYUCTOI'O 'EPMAHUA

1. BBenenue

OKCIEPUMEHTAILHOE ~ KCCJIEJIOBAaHUE HHEPreTUYECKOro  CIEKTpa -
U3ITyYeHUsI, BOHUKAIOIIETO MPH paciajie BO30YXKACHHBIX COCTOSHUM siipa, sB-
JSI€TCS OJIHUM W3 OCHOBHBIX METOJOB M3y4Y€HHUS CTPYKTYpPhl aTOMHBIX SJIEP.
I'amma-cnekmpomempus MMAPOKO MTPUMEHSETCS U MIPU PEIICHUH MHOTHX JIpY-
TUX 3a]a4, IJ€ UCIONb3YIOTCA sIepHO-(U3HNUECKUE METOAbI HccaneqoBannii. Ha-
npuMep, IpU MPOBEACHUU AIEMEHTHOIO aHAJIN3a B XUMUM, T€0JIOTUH U T.]I.

JlelicTBUE 0emeKkmopoe A0epHbIX u3/1yueHuli OCHOBAHO HA B3aUMOJICUCT-
BHUM Y-KBAHTOB C BEIIECTBOM. B simepHOil Pusnke K HACTOSIIEMY BPEMEHH pas-
paboTtaH 00JIBIION apceHall mpUOOPOB, CIY>KAITUX JJIi U3MEPEHUS CIIEKTPOB Y-
u3nydeHus. Cpenn HUX HEOOXOAMMO YINOMSIHYTh CUUHMUNIAUUOHHbBIE CHEK-
mpomempul, KOTOPbl€ HMEIOT BBICOKYIO 3(P(EKTUBHOCTh PETUCTPALUU Y-
kBaHTOB (110 100 %), HO HU3KOE PHEpreTHdecKoe paspemnienue (> 10 %), a Taxxke
Kpucmani-oupakyuonnsle cnekmpomempul, UMEIOUIIE, HA000POT, BEICOKOE
paspemenne (~ 0.01 %) npu Hu3Koit cetocmie (~ 0.1 + 10° %). HanGombureit
YHUBEPCAIBHOCTBIO 00JIAAI0T Y-CIIEKTPOMETPBI C HOJIYHPOBOOHUKOGHIMU Oe-
meKmopamu, UCToab3yIOIMMU B Ka4ecTBe paboyero BemiecTsa repmanuii. OHu
MMEIOT BBICOKYIO pa3periaroilyro CoCOOHOCTh MO SHEPTUH IpU XOopoieh d¢-
(dbexTuBHOCTH peructpauuu. B ganHol nabopaTopHoii paboTe paccMaTpUBAIOTCS
XapaKTePUCTUKUA CIHEKTPOMETpa Y-U3JTYyUYECHHUS M3 CBEPXUYHCTOTO TIepMaHUs
(HPGe-aetexTopa).

2. CrekTpbl M aMILIMTYIHbIE pacnpeneJeHus

[Tox y-criekTpoM moJpa3yMeBaeTCsl pachpenesieHue Y-KBaHTOB IO 3Hep-
MU, a U3BMEPEHUE PHEPreTUYECKOro CIEKTpa — 3TO BOCCTAHOBJICHUE (PYHKIIUU
wioTHocTH pacnpenencaus Pg(E) mo pesymbraram 00pabOTKH SKCIEPUMEH-
TaJbHbIX AaHHBIX (E — 3HEprust uznmydenus).

B Hamiewm ciiydae 3TH JJaHHbIE TTOJIYYalOTCSl C MOMOILBIO Y-CIIEKTPOMETPA,
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Puc. 1. binok-cxema ciektpoMmeTpa
1 — MCTOYHMK Y-U3ITyYEHUH, 2 — IETEKTOP Y-U3ITy4E€HUI U3 CBEPXUMCTOrO repMaHus
(HPGe-pmerekrop), 3 — mnpeABapUTENbHBIA YCHIUTENb (NPEAYCHIHTENB), 4 —
OCHOBHOH YCHJIUTENb, 5 — aMIUIUTYAHO-IM(poBOil mpeodpazosarens (ALIL), 6 —
KOMIIBIOTED.



0JIOK-cxemMa KOTOporo mpejncraBiieHa Ha Pucynke 1. Ero ocHoBy cocraBiiser
HPGe-nerexrop. Ha BbIxose 1eTeKTOpa BO3ZHUKAIOT AIIEKTPUUYECKHUE 3aps/Ibl, Be-
JIUYUHA KOTOPBIX MPONOPIMOHAIbHA YHEPTUH, NOTEPSIHHONH KBAHTOM B JIeTeK-
Tope. J{ns mpeoOpa3oBaHus BETUUMHBI 3apsaia B aMIUTUTYAy HANpsOIKEHUs, IIPO-
NOPIMOHAIBHYIO 3TOM BEIMYMHE, HUCIOJNb3YETCS MpedeapumebHulil yCuiu-
menp, a 11 GOPMUPOBAHUS PIEKTPUUECKUX CUTHAJIOB MO JIUTEIHHOCTH U IO-
JABJICHUS IIYMOB — OCHOBHOUL YCUTIUMENb.

[To aMmIMTyTHOMY pacupeAesieHUIO SJIEKTPUUECKUX CUTHAJIOB Ha BBIXOJIE
YCHIIUTEIIBHOTO TpakTa P,(U), riie U — aMIUIATy1a CHTHANIA, CYJIAT O CIIEKTPE pe-
TUCTPUPYEMBIX U3TYUCHHI.

AMITUTYIHBIE pacHpeleleHUs PErUCTPUPYIOTCS U 00padaThIBAIOTCS C
MOMOIIBI0 UGPOBON AIEKTPOHHON TEX-
HUKH, B YacTHOCTH, kommbiotepoB. Mc- G
CJIelyeMbIil Thana3oH aMILTUTY] pa30uBa- A
€TCsl Ha KOHEYHOE 4YHUCJIO HHTEPBAJIOB,
OOBIYHO pPaBHBIX, KAXKJIOMY H3 KOTOPBIX
IpUCBaMBaeTCAd NOPSAIAKOBBIA HOMEp. OTU

WHTEPBAJIBI IPUHATO HA3bIBATh KAHANAMU. n
[TpeoOpa3oBaHre aHATOTOBBIX CHTHAJIOB u
Ha BBIXOJE OCHOBHOIO YCHJIUTENA B LUD-  pyc. 2. [HCTOrpaMMa aMIUTHTY -
pPOBBIE KOJIbI, C KOTOPHIMU MOXET pado- HOTO PACIIPEIETICHHSL.

TaTb KOMIBIOTEP, OCYILECTBISAETCS aM-
naumyoHno-uugposvim npeoopazoeamenem (ALlIl). ALl uzmepsieT aMIUTy-
Iy KaXJO0T0 MMITYJIbCAa M OINpPEIEseT COOTBETCTBYIOIINM €l HOMEDP KaHana. B
KOMITBIOTEPE CYMMHUPYETCSI UHCIIO UMITYJIbCOB B KaXXJOM KaHaie. Takum oOpa-
30M, HETIPEPBIBHOE aMILTUTYTHOE pacnpenencHne Py(U) mpeacraBisieTcss B BUIC
auckpetHoro pacmpenenenus Cn(n), rae N — HoMep kaHama, a C, — 4ykciio oTcue-
TOB B KaHalsie. J[pyrumMu clioBamu, pacupeesieHHe NpeICcTaBIseTCs] TUCTOrpaM-
Moit (Puc. 2). Takoii METOl peruCTpaly aMITUTYTHOTO pacIpeiesieHus moJy-
YUJI HA3BAHUE «MHO20KAHATbHBLI AMANIUMYOHBLIL AHATU3).

Kak nmpaBuiio, CrieKTpsl Y-KBAaHTOB UMEIOT AUCKPETHBIN XapakTep (JIUHEH-
yaTtble CHeKTpbl). OJHAKO, MPU PETUCTPALMH AMIUITUTYJIHOTO pacIpeaesieHus,
KaK caM JE€TEKTOp, TaK U AJIEKTPOHHAs anmnaparypa, IpuMeHsemas JUis nepeaa-
YU €ro CHUTHAJIOB, BHOCAT CBOU HckaxeHus (uym). Ha Pucynke 3a mokazano
pacmnpeneneHue, CoOCTOAIIee U3 OJTHOM CIIEKTpaabHOM JIMHNH, a Ha Pucynke 36 —
COOTBETCTBYIOILIEE €MY PACHPENEIICHHE aMIUINTYJ Ha BBIXOJAE CIEKTPOMETPA.
Bo mHoOrumx cmydasx Takoe pacrpeielieHue omuchiBaeTcs (yHkimeit [aycca.
Ionnas wupuna nuxa smoii pynkuyuu na nonoeune evicomut (I11111B) siBs-
eTCs OJHOM M3 BaXHEUIIMX XapaKTepUCTHK criekTpomerpa (anri. fwhm — Full
Width at Half Maximum). //IIIIIB, Beipa)kxeHHasi B SJHEPTETUUECKUX CIMHHIIAX,
HaIlpUMep, B k3B, HAa3bIBACTCS IHEP2EMUUECKUM PA3PEUIEHUEM.



DHEPreTUUeCcKoe pa3pernieHne OnpeaeseT, HaCKOJIbKO OJM3K0 MOTYT Ha-
XOIUTHCSI B CTIICKTPE JBE JIMHUU, KOTOPBIC CIIEKTPOMETP TMO3BOJSET HACHTU(DH-
IUpOBaTh Kak pasHbie. Ha Pucynke 36 mokaszan ciaydail 1ByX OJIM3KO pacroiio-

Pe(E) Pe(E)

Pa(u) Pa(u)
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Puc.3. 9HepFCTH‘{eCKHI>'I CIICKTP U aMIININTYIHOC PAaCIIPCACIICHUC!
@) MOHOXPOMHBIH CIIEKTp (CHHIJIET), 6) aMILTUTYIHOE Paclpeie]IiCHUEe OAMHOYHOM
JIUHHH, 6) JIBE OJIM3KHUE JIMHUU (y0NeT), 2) aMIUTUTyIHOE pacipeesieHne ayoera.

»keHHbIX TuHuN. Kak BugHO n3 PrucyHka 32, MMKU aMIUTMTYIHOTO pacipeesne-
HUS B 9TOM CJIy4ae YaCTUYHO MEPEKPHIBAIOTCS U UACHTUPUKALIMS TUHUN TI0 HUM
3aTpyJHEHA, a UHOTJAa U HEBO3MOXHA. B HEKOTOPBIX CITydasiX, UCIOIb3Ys COOT-
BETCTBYIOLIMIA MaTeMaTHYECKUM ammapar, TakKhe IJI0XO pa3pelieHHbIC JTUHUU
MOYHO Pa3eIuTh.

B neiicTBUTENBHOCTH, paclpeliesieHHe aMIUTUTY] Ha BBIXOJIE CIEKTPO-
MeTpa OIMUCHIBACTCS rOpa3o 0oJiee CI0KHON (PYHKIIMOHATBHON 3aBUCUMOCTBIO.
DTa 3aBUCUMOCTb Ha3bIBACTCS hyHKyuei omkauka. Ee XapakTepUCTUKU OIpe-
JETISIFOTCSL TUTIOM JIETEKTOPa, BUAOM M3IYyUYCHHS M TEXHUUYECKUMU JTAHHBIMU W3-
MEPUTEIBLHOW anmnaparypsl.

OOBIYHO COOTBETCTBUE MEKIY aMIUTUTYION CUTHAJIa U SHEPTUEH U3ITyde-
HUS YCTaHABIIMBACTCS MyTEM U3MEPEHUS U 0OpabOTKH CIEKTpa C W3BECTHBIMH
rapamMeTpaMu. Y CTAHOBJIEHHE TaKOTO COOTBETCTBUS HA3BIBACTCS 2PAOYUPOBKOUL.
B nanbheitimem 3aBucumocts E=F(U), roe E — sHeprus, U — amminTyaa 3jek-
TPUYECKOTO UMITyJIbca, Oy/ieM Ha3bIBaTh TPAIyUPOBOYHON (DYHKIMEH WU 2pa-
O0yuUpoB8oOYHOIl KPUBOIL.

3. HOHVHDOBO}IHHKOBBIﬁ AECTECKTOP

3.1. [TpuHIMn DeMCTBUS U KOHCTPYKIIMSA NETEKTOPA

OCHOBHOE OTIMYHE JIETEKTOPOB Y-U3JIYYEHHS OT JETEKTOPOB 3apsHKEHHBIX
YACTHUIl COCTOUT B TOM, UTO 3apsiKEHHAs YacTHIlA, ONaBIIas B YyBCTBUTEIIbHBIN
00BEM JIETEKTOpa, PETUCTPUPYETCS KaK MPABUIIO C BEPOSATHOCTHIO, PABHOU €TH-
HUIIE, TOTJa KaK BEPOSITHOCTb PETUCTPALUM Y-KBAHTOB 3HAYUTEIHHO MEHBIIIE



€IMHULBI. JTa BEPOATHOCTH CYIIECTBEHHO 3aBHCHUT OT aTOMHOTO HOMepa pado-
Yero BEUIECTBA JETEKTOpa U OT 00beMa (TOJIIMHBI) YyBCTBUTEIBHON 00JIACTH.

JleTekTop Y-m3nydeHuss u3 cBepxuuctoro repmanus (HPGe-getextop)
IPEJICTaBIsIET COO0O0W MOTYIMPOBOAHUKOBBIA THOM C P-N MEPEeXOoiOM, M3TOTOB-
JICHHBIN, U1 YBETUYCHHUS 00beMa UyBCTBUTEIHHOW 00JAacTH, B KOAKCHATbHOMN
(muuHAprYeckoi) reometpun. KoakcuanabHas reoMeTpusl IETEKTOpa MO3BOJIS-
€T 3HaYUTENbHO MOBBICUTH 3 (HEKTUBHOCTh PETUCTPALINU Y-KBAHTOB IO CpaBHE-
HUIO C IETEKTOPOM B IJIAHAPHOM (MIJIOCKOCTHOW) TEOMETPHH.

Kpome Benmmuunbl 00beMa paboueit obnacTu jaerekropa d(PGeKTUBHOCTD
pErucTpalii yY-KBaHTOB CHJIBHO 3aBUCUT OT MaTepuala, U3 KOTOPOro U3rOTOB-
neH aerekrop. Hanbonee pacnpocTpaHEeHHBIMUA MaTepuajaMu, U3 KOTOPBIX H3-
TOTABJIMBAIOTCS MOJYIPOBOJHUKOBBIE IETEKTOPHI, B HACTOAILIEE BPEMSI ABIISIFOT-
Csl KpEMHUU U TepMaHuil. [[1s peructpaliii y-KBaHTOB OOBIYHO HCIIONB3YIOTCS
0emeKmopuvl U3 2epMAaHusl.

Br10op repmanus B KauecTBE MCXOJHOTO MaTepuana JiJisl JETEKTOpa, He-
CMOTps Ha OOJbIINE TPYAHOCTH B M3TOTOBJIEHHH, CBSI3aH C TE€M, YTO CEUECHHE
B3aMMOJICUCTBUS Y-KBAaHTOB CHJIBHO 3aBHCHUT OT aTOMHOIO HOMepa BemliecTsa Z.
Oco0eHHO CUIIBHO 3aBUCHT OT Z ceueHue portorddekra (oy ~ Z°), ceueHue xKe
KOMOTOH-3)eKTa NPOMOPIUOHATBLHO Z, a cedYeHue Ipoiecca o0pa3oBaHUS
SIeKTPOH-TIO3HTPOHHBIX map — Z°. Bonbinee 3nauenne Z y repmanns (Z(Ge) =
32, a Z(Si) = 14) u onpexaenseT BEIOOP 3TOr0 MaTepuala, MOCKOJIbKY o0ecredu-
BaeT 0oJjiee BHICOKYIO 3(P(EKTUBHOCTh PETUCTPALIMH Y-KBAHTOB JIETEKTOPOM.

Texnonorus musrorosnenusi HPGe-neTekTopoB B IUIAaHAPHON T€OMETPUU
COCTOMUT B cieayrouieM. M3 MOHOKpHCTa/ula CBEpXUYHMCTOTO I'e€pMaHusi p-TUIa
(repMaHui, JTErMPOBAHHBIN TajUIMEM), C KOHLUEHTpAIMel mpuMeceld He MPeBbI-
marorteii ~ 10'° cm™® BeIpesaercst HeOOXOMMAs 3aroOTOBKA, MOBEPXHOCTH KOTO-
poii MG yOTCS U TPABITCS B CMECH TIJIaBUKOBOW U a30THOM KHUCJIOT. Ha onHOM
U3 CTOPOH 3arOTOBKH, KOTOpast OyIeT ThUIbHOM CTOPOHOH JAETEKTOpa, CO3AAeTCs
OMHUYECKUN KOHTAKT. JTO JOCTUTAETCs JIETUPOBAHMEM MCXOJHOTO MaTepuaa
noHamu Oopa c sHepruerr ~ 10 k9B, B pe3ynbTaTe 4ero B MPUMOBEPXHOCTHOM
obnactu obpasyercsi cioil p'-Ge ¢ HHU3KMM yJeNbHBIM CONpOTHBIeHHeM. Ha
ATOT CJIOM JINOO HAMBUIAIOT B BaKyyMe 30JI0TO, JIMOO OCaXJAat0T HUKENb U3 pac-
TBOpA Y NPUIIAUBAKOT TOHKUH dJIeKTpoA. Ha nuueByro cTOpoHy 3aroTOBKM Ha-
OBUISIOT B BaKyyMe€ METAJUTMUECKUW JTUTHH M TPOBOAAT ero Auddy3uro mpu
temmnepatype ~ 300 C B Teuenne ~ 10 mun. B pesynprare quddysun mmuTus Ha
ryouHy < 1 MKM o0Opa3yeTcsi pP-N mepexoj. 3aTeM Ha 3Ty CTOPOHY 3arOTOBKH
HaIBUIAIOT CJIOM 30JI0Ta W NPUIIAMBAIOT TOHKUH 3JekTpoa. Cxemarnyeckas
CTPYKTypa MOoJA00HOr0 MIaHApHOTO JeTeKTOpa Nmokazana Ha Puc. 4. [lonaBas Ha
p-n mepexoa oOpaTHOE CMEIEHHE, NOOUBAIOTCS pacIIMpeHust 00iacTH, obe-
HEHHOUN CBOOOJHBIMH PABHOBECHBIMU HOCUTENSIMU 3apsiia (pabodero oObema
JETEKTOpA), MPAKTUYECKU Ha BCIO TOJIIIMHY 3aroToBKH [1].



Texnonorus usroroBienuss HPGe-neTekTOpoB B KOAKCHAIbHOW T'€OMET-
pUU MPAKTUYECKU aHAJIOTMYHA. B 3TOM ciyyae B HMJIMHIPUYECKOW MCXOJHOMN
3aroTOBKE MOHOKpPHCTAJIJIa CBEPXUYMCTOTO T€pMaHUsI BBICBEPJIMBAETCS HEOONb-
miasi 4acTh BHYTPEHHOCTH, HA MOBEPXHOCTU KOTOPOM U cozmaercs p-Ge cioil.
Ha 60k0By10 MOBEPXHOCTh HAMBUISIOT METAJUIMUECKUHN JIUTHIA, 00pa3yromuii N-
Ge cioit. PabounM 06beMOM JETEKTOPA MPHU ITOM CIY>KUT BECH LIMIIUHIP.

[TogoOHBIE KOHCTPYKIMU JAETEKTOpa MO3BOJISIIOT PETUCTPUPOBATH BO3-

perncTtpupyemble I—KBaHTbI TOHKWK CIIOW 30110Ta

n ___N-Ge, NErMpoBaHHbIN NUTUEM

™ ucxogHbint p- Ge

p-Ge, nermpoBaHHbIil Gopom

CITOW HUKens

. 11N

Puc. 4. Ctpykrypa HPGe-nerekTopa

HUKHOBEHHE TaK Ha3bIBa€MbIX HEPABHOBECHBIX HOCUTENEH 3apsaa (3JEeKTpPOH-
JBIpKa), 00pa3yroMMXcss B 00CTHEHHON 00JIaCTU MPU MPOXOKIACHUN Yepe3 Hee
MOHU3UPYIOIIEero u3nydeHus. Eciu B aToi 00acTl BeIACSIETCS SHEpTUs E, TO
obOpazyercs E/w nap HOCUTENEH, I/ie w — dHeprus, Tpedyemast aJisi 00pa3oBaHUs
OJIHOM mapbl CBOOOJHBIX HOCUTENEH 3apsa (IJ1sl TepMaHus 3Ta BEJIMYMHA PaBHA
2,8 3B). 1151 Toro 4roObl BECh 3apsi] MOKHO ObLIO 3aperucTpUpOBaTh, HEOOXO-
JTUMO, 4TOOBI BpeMsi cOOMpaHrs 00pa30BaHHBIX HOCUTENIEH B MPUIIOKEHHOM K -
N mepexoay 3JAEKTPUUYECKOM MoJie (HaMPSKEHUE CMEICHUs) ObIJI0 3HAYUTEIBHO
MEHBbIIE, YeM BpEMS )KU3HU HEPABHOBECHBIX HOCUTENEH 3apsaa. B cBs3u ¢ aTum
HaIpsHKEHUE CMENICHHs BRIOUPAETCst JOBOJILHO BhICOKHM (>1000 B).

DNEeKTPOHHO-ABIPOYHbIE MTAPhI ABUKYTCS MO AEHCTBUEM BJIEKTPUUECKOTO
I0JII, YTO 3KBHBAJIEHTHO MMIIYJBbCY TOKA, MPOTEKAKOUIEMY YEPE3 €MKOCTh P-N
nepexoja. B pesynbraTe Ha 3TON €MKOCTH 00pa3yercst 3apsi, BeJIUMYHMHA KOTO-
pPOro NpoOINOPLHOHAIbHA SHEPTUH, MTOTJIOIIEHHON JETEKTOPOM. 3aTEM 3aps]l pac-
CachIBaeTCsl TOKOM Uepe3 conpoTusiieHue R,,,.

JIeTeKTopbl Ha OCHOBE CBEPXUYMCTOTO T'€PMaHMs XapaKTEPU3YIOTCS HU3-
KHM 3HAYEHUEM OOpaTHOTO TOKA U BHICOKUM SHEPTeTUYECKUM Pa3pEIICHUEM.

B otnuume oT moiaynpoBOJAHUKOBBIX JETEKTOPOB M3 KPEMHMSI T€pMaHue-
BbIE JICTEKTOPHI HEOOXOUMO SKCIUTyaTUPOBAaTh MPU HU3KOH Temmeparype. ITo
CBSI3aHO C TEM, YTO HIMPHHA 3aIPEIIEHHON 30HbI £y TepMaHKs 3aMETHO MEHBIIIE,
yeMm y kpemuus (0,66 5B y repmanus u 1,09 3B y kpemnust). B cBsi3u ¢ 3Tum Be-
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repmManms CymeCTBCHHO BBIIIC, U IIPU KOMHATHOU TCMIICPATYPEC TOKHU YTCUKH
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Puc. 5. HPGe-nerekTon B knuocrare

Opnum u3 cymiecTBeHHbIX npenmylectB HPGe-nerekTopoB nepen aHa-
JorudHbIMU UG Gy3rnoHHO-ApeiidoBbiMu Ge(Li) neTekTopaMu SBISETCS BO3-
MO>XHOCTb XPaHCHHS MX MPU KOMHATHON TeMIIEpaType B MEPHUOI MEKIY U3Me-
PEHUSAMHU, XOTS MpU pabOTe OHU TAKXKE JOJKHBI OBITH OXJIAXKIEHBI IO TEMIIEpa-
TypBI )KHIKOro a30Ta — 77 K (I0faBaTh HANpSIKEHHEe CMELIeHHS] HA HeoXJa-
JKIEHHBIH JeTekTop Heb3s!). Ge(Li) merekTopbl 00Jadaf0T CTOJb Y€ BBICO-
KUM SHEPreTUYecKUM pasperieHueM, uro u HPGe-neTekTopsl, OHAKO JOJKHBI
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MOCTOSTHHO HaXOJUThCSI B KPUOCTATE C JKUJIKUM a30TOM — JaKe KPaTKOBPEMEH-
Hoe ToBbImeHre Temmeparypbl Ge(Li) merekTopa 10 KOMHATHOMW, BBI3BAHHOE,
HaIrpuMep, HECBOEBPEMEHHOM 3alpaBKOM KPUOCTATa KUAKUM a30TOM, BBIBOJIUAT
JETEKTOP U3 CTPOS.

Ha Puc. 5 mokazano ycrpoiictBo HPGe-nerekTopa. HemocpencrBeHHO
caM JETEKTOpP KPENMUTCS Ha MEJHOM CTEP:KHE, IPYrod KOHEL KOTOPOro MmomMe-
nieH B cocya Jproapa ¢ kuIkuM a3oroM. Bakyym B cucteme obOecrieunBaeTcs
copOrmoHHbIM HacocoM. CopOeHT (I1€0JIUT), OXJIAKIAEMBIN KUIKAM a30TOM,
MO3BOJIET MOAACPKUBATh BAKYYyM B KPUOCTATE B TEUCHHUE JIUTEILHOIO BpeMe-
HU.

3.2. OYHKIIMS OTKJINKA JETEKTOPA

Dyukyuna omkKkauka — OJHA W3 BAXKHEHIIMX XapaKTEPUCTHUK JHOOOTO
cnekTpomeTpa. B paccmaTpuBaeMoM ciydyae 3TO €CTh (PYHKIUsS, KOTOpas OMu-
ChIBAa€T aMIUIUTYJIHOE pacHpe/ieIEHUE HUMITYJIbCOB Ha BBIXOAE AETEKTOpa JIs
MOHOXPOMAaTHYECKOr0 Y-U3Iy4YeHUs, MaJaroliero Ha aerekrop. Kak u B cius-
TAJUISIUAOHHBIX JIETEKTOpaxX, B MOJIYNPOBOJHUKOBBIX JETEKTOPAX PETUCTPALIUS
Y-U3JIy4YEHUs OCYIIECTBIISIETCS MO BTOPUYHBIM 3apSKEHHBIM YacTHIaM (DJIEK-
TpPOHAaM), KOTOpbIE OOPa3yIOTCS MPU B3aUMOJCHCTBUU Y-KBAHTOB C PabOYMM
BEIIIECTBOM JeTEeKTOpOoB. Hannuue Tpex mporieccoB B3auMoaecTBus (hotodd-
dekt, komMmnToH-3(PPeKT, 0OpazoBaHue Map) MPUBOAUT K TOMY, YTO aMIUIUTY/I-
HOE pacnpesiesieHue, COOTBETCTBYIOIIEE MOHOXPOMATHYECKOMY H3IyUYEHUIO,
JIOBOJIBHO CJIOXHO.

Domorgppexm B KOHEUHOM CYETE HAET B AMIUIUTYJHOM PACIpPEACICHUN
MUK, MOJIOKEHUE MAKCMMyMa KOTOPOIO COOTBETCTBYET SHEPIMH Y-KBAaHTOB.
[upuna nuka (//LL11B) onipeaensieTcsi NiyMaMH ammapaTypbl U QIIyKTyallusMH
yucia nap Hocurtene. (B cBs3u ¢ aTuM, obpaijaeM BHUMaHUE HA TO, YTO SHep-
eemuyeckoe paspeuienue 3aBUCUT OT SHEPTUU U3ITyYEHHUS. )

["aMMma-KBaHTBI, UCTIBITABIINE KOMRMOHOBCKOE pacceanue, o0pa3yioT B
BEIIIECTBE JIETEKTOpa »dJeKTpoHbl C OdHepruasmu oT 0 1o Eny, 1€
EmaX:E}/(l+meczl2Ey). Bennuuna Epax B 3aBUCUMOCTH OT £, NpUHUMAET 3Haye-
Hue Ha 150 - 250 k3B menbe £,

Takum oOpa3oM, (QyHKIMS OTKIMKA JUId SHEPrui F,, MEHBUIMX IOpOra
oOpa3oBaHMs Tap, COCTOMT W3 IUIABHOTO pacrlpeneiceHus (Komnmonosckas
HO0M0JCKA) W TIHKA, YaCTO Ha3bIBAeMOTO ghomonukom. COOTHOIICHHE WHTCH-
CUBHOCTEUW MEXIYy MUKOM M HEMPEPHIBHON YACTHIO OMPEAEISIETCS OTHOIICHUEM
s dexTuBHbIX cedeHnit GororddexTa Kk KOMOTOH-I(DPEKTY U 3aBUCUT OT dHEP-
MY FraMMa-KBaHTa U 00beMa JIETEKTOpA.

[Tpu sHEpruUsX Y-KBaHTOB, OOJBITNX YHEPTUU TIOPOTA 0OPA30BAHUA IJIEK-
mpon-nozumponnsix nap (1022 x3B), kapTUHA yCIOXKHIETCS, U, B 00IIEM CITy-
yae, (YHKUUS OTKJIMKA JTOTIOJHUTEIHHO OYyJET MMETh €Ile JABa MHKa, HATu4yue
KOTOPBIX CBSA3aHO C BBUIETOM M3 JIETEKTOpPa OJHOIO WM JIBYX aHHUTHIISIIMOH-
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HBIX Y-KBaHTOB. JTH KBAHTHI BO3HHUKAIOT B Pe3yJbTaTe aHHUTHIISIIMUA MO3UTPO-
HOB, 00Opa30BABIIMXCS MPH TMOTJIONICHUH Y-U3IIy4eHHUs B JeTeKkTope. B amruim-
TYJTHOM paclpeieIeHHd UM COOTBETCTBYIOT JBa JOMOJIHHUTEIbHBIX MuKa. OHH
HaXOMATCSI MIPU MEHBIINX, YeM (DOTOIHUK, aMIUIUTYIaX HA PACCTOSIHHUSX, COOT-
BETCTBYIOLIMX SHEPTHSIM M,C’ (E-511 xoB) n 2m,c? (E,-1022 x3B) no ¢doronu-
ka. OTHOCUTENbHAS UHTEHCUBHOCTD TPEX MUKOB 3aBUCHUT OT SHEPTUHU Y-KBAHTOB
U OT pa3MepPOB JECTEKTOpA.

Takum o6pa3zom, HabIIOgaEMOE aMITTUTYIHOE pacTpeesieHUe IS peab-
HOTO Y-CIIEKTPa MUMEET CIOXHBIA XapaKTep M COCTOUT W3 IJIABHOW YaCTH C OT-
JICNbHBIMU THKaMHu. B GONBIIMHCTBE METOMOB OOPaOOTKH aMILTUTYJHBIX pac-
npeneneHnii "HPOPMAIUIO O Y-CIIEKTPE M3BJICKAIOT JIMIIh U3 MapamMeTpoOB IH-
KOB, @ HEIMPEPBHIBHYIO COCTABISIOLIYI0 CUHUTAIOT «(HOHOM» HE3aBHCHMO OT €€
npoucxoxaenus. ([1o aToi mpuurHe yacTo, TOBOPS 0 PYHKIMU OTKIHKA, HMEIOT
B BUJY TOJIbKO MUK 0€3 3TOro «(poHa», KOTOPbIH, Oynydu OMNpesesieH B OJu-
KAWIIUX OKPECTHOCTSX IMHMKa, HA3bIBAIOT MbEICCTAIIOM. )

B y-cnektpockomnuu nuk, UMEIOUINI CUMMETPUYHYIO (hOpMY, Hallle BCEro
annpokcumupyercs pynkuuei ['aycca:

_(U_Uo)2

20?

y = Se
rae S — BeJIMYMHA, IPONOPIUOHAIbHAs WHTEHCUBHOCTU MHKA; U — aMIUIUTyJa
3JIEKTPUYECKOT0 CUTHANA; U, — aMIUIUTYAa, IPU KOTOPOil HaOII0AaeTCs MaKCH-
MyM IHKa; G — BEJIMYMHA, XapaKTepu3yrolllas IUPUHY MHKa (OHa CBsA3aHa C pa3-
pemaronieil cnocoOHOCThIO, CM. HUXKE).

C yBennueHnem o0beMa AETEKTOPAa CTAHOBUTCA 3aMETHBIM 3(PPEeKT MHO-
TOKPAaTHOTO KOMIITOHOBCKOTO pPacCesHHUs, U BO3PACTa€T BEPOATHOCTH IMOJIHOTO
MOTJIONICHHSI SHEPTUH, TPUHECEHHOH Y-KBaHTOM, T.€. C YBEJIMYECHUEM pa3MepOB
YMEHBILIAETCS OTHOCUTENIbHAsE UHTEHCUBHOCTD TUIABHOM YacTU pacHpeesICHUS.
B npenene, nnas oueHb OOJBIIOrO JETEKTOpa B aMIUIUTYIHOM paclpeesieHuu
OyAeT JMUIb OJUH MUK — UK TOJTHOTO TOTJIONICHHS (HalOMUHAEM, YTO peYb
UJET O MOHOXPOMATHIECKOM H3ITyUEHHUH ).

Kak yxe ObU10 ckazaHo, 00pabOTKa CIIEKTPOB Yallle BCETO BEAETCS C UC-
MOJIb30BaHWEM TOJIbKO QoromukoB. [losTomMy misi XapakTepUCTUKH Y-
CIEKTPOMETpa Ba)KHa 3aBHUCHUMOCTBH «IMUKOBOI» 3(P(PEKTUBHOCTH OT SHEPTHUH.
«[lukoBas» O3HaYaeT, YTO HAC MHTEPECYIOT JIMIIb T€ CIy4daul pPErucTpanuu y-
KBAHTOB, KOTOpBIE JAIOT BKJIaA B MUKH. [TnkoBas 3 PpeKTUBHOCTH CUIBHO 3aBH-
CUT OT DHEPTHH Y-KBAHTOB U OMPEICNACTCS KaK 3aBHCHUMOCTBIO CEYCHHI B3au-
MOJCUCTBUS Y-U3Ty4deHus ¢ BeniecTBoM (doTodrddext, koMnToH-3¢deKT, 3d-
ekt oOpa3zoBaHus Map), Tak U BKJIaIOM MHOTOKPATHBIX MPOIECCOB B3aUMO/ICH-
CTBUS M3JIyYEHUH C BEIIECTBOM KpHCTaJIa. 3aBUCUMOCTh 3((HEKTUBHOCTH MO-
KET ObITh paccuuTaHa MetogoM MounTe-Kapio uim, 4yTo femaercs yaiie, usme-
peHa SKCIEPUMEHTAJIbHO MO MCTOYHHKAM Y-U3JIyYeHHH C M3BECTHBIMHU 3Haue-

HUSIMU UHTE€HCUBHOCTEMN.
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3.3. DHepreTryeckoe paspelenue y-criekrpomerpa ¢ HPGe-nerekropom

Cxema BrmroueHust HPGe-nerekropa B ClIEKTpOMETPUUECKUI TPAKT MOKa-
3aHa Ha Puc. 6. Bo n30exaHue noTepu BEIWYUHBI CUTHAJA U ISl YMEHBIICHMUS
BIIMSIHUSA IIIYMOB U HaBOJOK MPEIyCHWIATEIb PA3MEIIAeTCs B HEITOCPEACTBEHHOM
OJIM30CTH K I€TEKTOpY. bosee Toro, rojg0BHOM Kackal npeaycuauTels (110J1eBoil
TPAH3UCTOP) pa3MELIEH HEMOCPEICTBEHHO Ha
JETEKTOPE U BMECTE C HUM OXJIAKIAETCS JI0
TEMIIEpaTyphl )KUJIKOTO a30Ta.

OKBHBAJICHTHAsI CXEMa CUCTEMBI JE€TEK-
TOP-NPENyCUINTENDL TOKa3aHa Ha Puc. 7. Ha
HEW ydTeHbl €eMKOCTh C,, M BXOJHOE COIpPO-
TUBJIeHUE R, mpemycunuTens, KOTOpbIE, ec-
TECTBEHHO, Y4YacTBYIOT B (opmupoBaHuu  Puc. 6. Cxema Brmouenus HPGe-
CUTHaja, TaK KaKk BKIIOYEHBI ITapajuleibHO  ACTEKTIOpa.

Coem 11 Ry (CoetCi,~30+50 D).

Auepzemuueckoe paspewenue ([1LLI1B) 3aBUCUT OT IPOIECCOB, MIPOUC-
XOIAIIMX KaK B CAMOM JETEKTOPE, TaK U B JJIIEKTPOHHOM TPAKTE U ONPEHEIACTCA
TpeMsl TJIaBHBIMU (PAKTOpaMH:

! 1 S
IDeT' CZ[eT. RCM. TCBX RBX‘

Puc. 7. DxBuBanenTHas cxema Ge-neTekropa ¢ npeayCuiinTeIeM.

Rem (1 Tom)

Bxog)[peaycunutens |Bbixoa

N

HPGe

1) ctatucTyecKUMU QIIYKTYalUsIMHU YUCIIA JIEKTPOHHO-ABIPOYHBIX I1ap;
2) (pirykTyanuen Toka yTeukd JeTeKTopa,
3) mrymMamu npeayCcHiInTes.

O603Ha4YMM:
['s— IIIITIB (nonHas MHUPUHA TUKA HA TIOJIOBUHE BBICOTHI);
I, — cocraBnsitomas [IIIIT1B, o0ycnoBieHHasi CTaTHCTHYECKUMHU (IIyKTya-
IHSMH YUCJIA TIap HOCUTEIIEN B IETEKTOPE;
Ii — cocraBnstomtas [/I1I11B, o0yclioBlIeHHas! ITyMaMHU TOKOB YT€UKHU JIETECK-
TOpA;
11y — cocrasisaromas [/III11B, cBsi3aHHas C LIyMaMH IIPELyCUIUTES.
Torma: [y=I+I7+1,,°.
CoBpemennbie HPGe—nerekTopsl ipu Temmeparype x)uakoro azota (77
K) nmerot Toku yreukn meree 107°A. DT0 cpaBHUMO ¢ TOKAMH YTEUKH BXOIHOM
nenu npexycunutens. CnekTpaabHbIi COCTaB IIyMOB, co3aarouux /j, OJu30K K
HEKOTOPBIM COCTABJISIFOIIUM IIIYMOB MPEAYCUITUTEINS, TOATOMY 0003HAUYNM:
=242 e Fm2:E2+Fny2.
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Kak 6pu10 mokazano ®ano, nas GaykTyaluu 4ucia map CBOOOJHBIX HO-
cuTenel 3apsaa, 00pazyroUMXcs Mo JACUCTBUEM MOHM3UPYIOLIETO U3IyUYEHUS,
3aKOH pacIpe/ie]IeHHs] He SBIIAETCS IIyaCCOHOBCKUM. {1l yueTa OTKIIOHEHMS OT
3akoHa [lyaccona BBoautcs BenmuunHa F (pakmop ®@ano), xotopas paBHa OT-
HOILIEHUIO PEAIbHOM IucIepcry 4ucia nap Hocutened Kk aucnepcuu no Ilyac-
cony: 0°=F <N >, rne o® — peansras mucrepeus, a <N> — mucrepens mo
[Tyaccony (cpemHee YHCIIO TIap HOCHTENECH, 00pa3yeMbIX OBICTPOM YacTHIICH B
YyBCTBUTEILHOM 00BEME JACTEKTOPA).

Tak kak <N>=FE/o, rnie E — sHeprus, noTepsHHas 4acTULIEH B JETEKTOPE,
a @ — 3HEprus, pacxoayemas Ha 00pa30BaHHUE OJHON Hapbl HOCUTENEH 3apsaa (B
repmanuu — 2,8 3B), To, cunrtas popMmy nuka rayccoBou, Juist / j.,, MOKHO 3aIlu-

cats [1]: T,,, = (8In2-wFE)"? ~ 2.36vwFE . Dra hopmyna 1aeT BOIMOIKHOCTD

OLIEHUTh npedenvHoe Inepzemuyueckoe paspeutenue nerekropa (paxrop dano
JUTsl TepManus paBeH npumepHo 0,1).

Ha mmarpamme Puc. 8 mokasana Thnu4YHas 3aBUCHMOCTb DPa3pelICHUs
HPGe-netexTopa oT pabodero HampspKEHUsS IS Y-U3ITydeHUs] pa3TuIHON SHEp-
run. [logbeM KpUBBIX B 00JIACTH MaJIbIX HANPSDKEHUN OOBICHAETCS YBEIUMUEHHU-
€M E€MKOCTHU JIETEKTOpa, a B 00JaCTH OOJIbLIIMX HANpsKEHUH — POCTOM TOKOB
YTEUKH.

3,00
2,50 ~
2,00

W N

i

1,50 i e
1,00
0,50
0,00

PaspeweHue, kaB

500 700 900 1100 1300 1500

Pa6ouyee HanpshkeHue, B
—_—122 k3B - 662 k3B
wrmmmnn- 1330 k3B

Puc.8. 3aBucumocts paspemenust HPGe-
JETEKTOpa OT pabovero HampsKEHUs

4. OcHOBHBIE XapaKTePUCTHKH Y-criekTpoMeTpa ¢ HPGe-nerekropom

4.1. YcuaurenbHbIA TPAKT

HawnOoisiee nocTynmHOM 11 HEMOCPEACTBEHHOIO W3MEPEHHsI BEIMYMHOMN
ABJIIETCSl aMIUIUTYJ1a 3JIEKTPUYECKOIO0 MMIYJbCa Ha BBIXOJE MPETyCHIIATES.
J1J1s TOBBILLIEHUS pa3pelIatoiel ClIOCOOHOCTH CIEKTPOMETPa BaXKHO, YTOOBI 3Ta
aMIUIMTya ObUTa KaK MOXXHO OoJbliie. DTO 3aBUCUT OT MOJIHOTHI U CKOPOCTH
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coOrpaHus 3aps/ia, a TAKKE OT CYMMapHO EMKOCTH U CKOPOCTH PacCachlBaHUs
sapsia (i = dQ/dt; U = (L/c) [ idt).

O BIUSHUM KadyecTBa JACTEKTOpPa Ha 3TH MPOIIECCHl OBLIO CKa3aHO BHIIIIE.
3/1ech Mbl PACCMOTPUM TMPHUPOJY COCTABIISIfOLIEH mupuHbI nuka / ;. O6patum
BHHMAaHHE Ha JIBa CJIEIYIOUMX 00CTOATENbCTBA. BO-MIepBhIX, aMIUIUTyAa CUTHA-
Ja o0paTHO MPOMOPLHOHATIBHA CYMMAapHOW €MKOCTH, BCJIEICTBHE YEro BayKHO,
YTOOBI Mapa3UTHBIE EMKOCTH BXOJIHBIX IENel ObUITM MUHUMAJIbHBI. BO-BTOPBIX,
CONPOTHUBJIEHUE CMEIIECHUS U BXOJHOE CONPOTUBIICHNE MPEAYCHUITUTENS JOIKHBI
OBIThH 1O BO3MOXKHOCTH OOJIBIITUMHU.

JIJist KOpOTKUX BpeMeH coOupaHus 3apsaa popmy uMITysibca TOKa MOKHO
NpUOJIM3UTENIBHO OnucaTh JenbTa-GyHkuue. [loctosHHas BpeMeHU BXOJHOM
uenu npeaycuautens omnpeaensieTcs Kak (Cyent+Co)RuRed(Ro+R,) 1 curnan
Ha €ro BBIX0JIe Oy/leT UMETh DKCIMOHEHIHANbHYIO (opMmy. TUNMUYHOE 3HAUCHHE
MIOCTOSIHHOM BPEMEHU CIaJla HANPSHKEHUS COCTABIISIET €IUHULIBI MUJUTACEKYH.
[Tpu noctaTouyHO OOJBIIKX 3arpy3Kax (3acpy3ka — 3TO CPEIHsS YacToTa CIIEJ0-
BaHHUs Y-KBAHTOB, MOMAIAIOIINX HA JETEKTOP) BO3HUKHYT HAJIOKEHUS CUTHAJIOB,
U Ha BBIXOJIE YCHJIMTEIIBHOTO TpaKkTa OyIyT HE OTJEIbHbIE UMITYJIbCHI, a HEMpe-
PBIBHBIM CTaTUCTUYECKUM CUTHAN clOXKHOU (opmbl. Kpome Toro, BMecTe ¢ mo-
JIC3HBIMU CUTHAJIAMU Y€Pe3 YCWIUTEIbHBIM TPAKT MPOXOAAT IIYMOBBIE KoJieOa-
HUS 3apsija Ha BXOJE.

Takum 00pa3om, CyIIECTBYIOT TPHW TJIaBHBIC 3a/1a4d, PEIIaeMble yCHIIU-
TEJIbHBIM TPAKTOM:

1) ycuneHue cUrHanos;
2) (popMupoOBaHKE CUTHAJIOB MO JUIUTEILHOCTH;
3) dbunpTparms nryMos.

Kak y»e Obu10 cKazaHo, 0 COOOpaKEHUSIM MUHUMU3AIUU [ITyMOB MPEy-
CWJIMTEJ]Ib HaXOJIUTCA HEMOCPEACTBEHHO Ha Jerekrope. lllymoBbie Xapakrepu-
CTUKU YCUJIMTEJIBHOIO TPaKTa, W, CIEIOBATEIbHO, pa3peliaroas crnocoOHOCTh
CIEKTPOMETPA OINPEIEISIIOTCS B OCHOBHOM T'OJIOBHBIM (ITEPBBIM) KACKaJOM Ipe-
nycunutens. [Ipu noctpoennn takux kackaaoB miis HPGe-netekTopoB nmpume-
HSAIOTCSA MOJIEBBIE TPAH3UCTOPBI.

Illymur npedycunumens BbI3bIBAIOTCS PA3IMYHBIMU IPUYNHAMH:

1) TennoBoe XaOTUYECKOE IBMKEHHUE 3apsiI0B B MPOBOJHUKAX (PE3UCTOpPAX) —
TEIUIOBOM LIyM;

2) grykTyaliy BXOJHOTO TOKa YCUIIUTENILHOTO 3JIEMEHTa (TOK 3aTBOpa IMOJIEBO-
ro TPaH3UCTOpPa) — BXOJHOM IIyM;

3) urykTyamuu BEIXOTHOTO TOKA TOJIOBHOTO Kackaaa — IpoOOBbBIN LIyM.

Bpollie Mbl y’ke TOBOPHIIM O TOM, YTO HEKOTOPBIE COCTABIISIONINE IIYMOB
JETEKTOpa MOXHO PAacCMaTpUBaTh KaK IIIyMbl BXOJHOM LIEH MPELyCUITUTENS,
MOCKOJIBKY MX MpHUpoJia Moxoxa. ECTh Takke U Ipyrue, MeHee CyIeCTBEHHbIE
KOMITOHEHTHI 1ITyMa.

Benuuuny miyma OII€eHMBAIOT MO BEJIUYMHE SKBUBAJIECHTHOTO IIYMOBOTO
3apsiaa. DTO TaKoW 3aps, KOTOPBIA 00pa3yeTcsi SKBUBAJECHTHBIM F€HEPATOPOM
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TOKa (JETEKTOPOM) M CO3JAET BXOJHON CUTHAJ, PaBHBIM CPEIHEKBAAPATHUHOMY
YPOBHIO ITymMa. BenuurHa 1IyMOBOTO 3apsijia MEPBBIX JBYX COCTABIISIONIMX HE
3aBUCUT OT BEJIMYMHBI BXOJIHOM €MKOCTH, a IIIyMOBOM 3apsifi TPETheH COCTaB-
JISTOILEN MTPOTIOPIIMOHANIEH ATOM €MKOCTH.

CxeMa 3apadouyecmeumenvno2o npedycunumens nokasaHa Ha Pucynke
9. Yeunmurenb ¢ KO3QPHUIIMEHTOM YCHICHUS -K OXBaueH OTPHUIIATEIbHON 00paT-

Terexcrop I ! I‘ > I(r) _T_,

C,Z[GT. CBX. C

Puc.9. 3apsinouyBCTBUTENBHBIN TPEAYCHIIUTEID.

HOU cBs3bI0 uepe3 KouaeHcaTop C,.. DKBUBaJIEHTHAs AMHAMUYECKas BXOJIHAS
€MKOCTbh TaKOT0 KacKaja BeliuKa, HO (u3uuecKasi BXOJHasi eMKOCTh yBEJIMUMBa-
€TCsl HE3HAUUTEIILHO, TaK KaK KOHJACHCATOpP 0OpaTHOM CBSI3U UMEET HEOOIBIIIYIO
emkocTh (1+2 Ild). Takas cxema uMeeT 1ENbIO CTAOMIM3UPOBATH 3aPsIOBYIO
YYBCTBUTEJIHLHOCTh MPEIYCHIUTENSI U B YACTHOCTH, CIJIATUTh BIUAHUE (IYyK-
Tyallili €MKOCTH JETEKTOpAa W BXOJHOW €MKOCTH MPEIYCHIUTENA. AMIUIUTYAA
CUTHAJIa Ha BBIXOJIC 3apsAI0YyBCTBUTEIBLHOTO TpemycumuTens Puc. 9 onpenens-
eTCsl TakK:

U, = Q X
" C,+C +C,, 1+kB’

rae Q.. — 3apsaa Ha Bxoje, K — KO3 GUIMEHT yCUIIeHHsT ¢ Pa30MKHYTOH 00paT-
HOU CBs3bI0, [ — K03 duimeHT oOpatHoi cBszu. Ilpu OosbiioM 3HaveHUH K
YyBCTBUTEIBHOCTh TIpeaycuiauTens G onpenensercs BeTUIMHOW M CTAOMIBHO-
CTBIO KOHJIeHCcaTopa oOpatHoi cBsizu (..

_ U(s’blx ~ 1

Q. C.

OyHKIMK (HOPMHUPOBAHKSI UMITYJIBCOB TIO JITUTEIBHOCTH U (DHIBTpAIuu
IITYMOB BO3JIarar0TCsl, KaK MPaBUJIO0, HA OCHOBHOW YCHJIMTE/Ib, KOTOPBIN, KpOMe
TOTO, COJIEPKUT OPTaHbl PETYIUPOBKHU €r0o mapameTpoB. DyHKIUN HOpMHUPOBa-
HUS ¥ QUIbTparuu 0OBIYHO HE pa3AenuMbl. B mpocreimux ciydasx GopMupo-
BaHUE BBITIOJIHAETCS C TOMOIIBIO AuddepeHIupyomux 1 uaTerpupyromux RC-
neneil. OMHOBPEMEHHO 3TH IEMU BBITOIHSAIOT (DUIBTPAIUIO IITYMOB, OTpaHUYH-
Basl TI0JIOCY MPOMYCKaHUSI YCUJIMTENS CO CTOPOHBI HUKHUX M BEPXHHUX YACTOT.
CrieKTpabHBIN COCTaB COCTABISIONIMX ITyMa, O KOTOPBIX TOBOPHJIOCH BBIIIIE,
pasnu4daercs. BereacTBue 3TOro CymiecTBYIOT ONTHMAalbHbIe 3HAYEHUS TOCTO-
SIHHBIX BpEMEHU UHTETPUPOBaHUS U T PEpEeHIINPOBAHNS, KOTOPHIC HA MPAKTH-
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K€ CIEQyeT MCKaTh 3KCIEPUMEHTANIbHO IMPU HACTPOWKE ammapaTypbl Ha KOH-
KpETHBIC YcCloBUs. Yaine BCEero HaWIydIlllMe pPe3yabTaThl IOJIYYarOTCS TMpH
T=Ty=T,, TJI€ T, — NOCTOsSIHHAs AudepeHITupOoBaHUsl, a T, — MOCTOSHHAS] UHTET-
pUPOBaHMUS.

4.2. AMHHI/ITV,Z[HI)IG XapPaKTCPUCTHUKH CIICKTPOMCTpPA

B HameMm ciyyae cieKTpOMETPUYECKUI TPAKT UMEET JINHEMHYIO XapaKTe-
PHUCTHKY, T.€. HOMEpP KaHaja MPONOPLUOHAIEH aMIUIUTY/I€ CUTHAJIa HA €T0 BXO-
JIe ¥ COOTBETCTBEHHO BEJIMUYMHE 3apsija Ha BBIXOJE JE€TeKTOpa. Takum o0pa3om,
CBSI3b HOMEpA KaHajla C SJHEPTruer MOXKHO CUUTATh, TUHEMHOU. [Ipr 3TOM MOXKHO
IIPUMEHSTh TAKYIO XAPAKTEPUCTUKY, KaK WeHa KAHala, BBIPAXKCHHAS B JHEpre-
TUYECKUX €IMHMIIAX, HanpuMmep, k3B/kaHan. B naHHOM ciydae 1ieHa KaHaia, a,
CJIEIOBATENBHO, U IWAMA30H YHEPTUM PETUCTPUPYEMOTO U3IIyUYEHUS, ONPEIEIIs-
IOTCS XapaKTEPUCTUKAMU JE€TEKTOpa U KOA(DPUIIMEHTOM YCUIIEHUS OCHOBHOIO
YCUIIUTEIIA.

Ha Pucynke 10 noka3aHsl aMIUIMTYHbIE PACHPEIEICHUS IBYX dHEPIETH-
YEeCKUX JIMHUHU, IPUYEM, HIYKHEE paclpeesieHUue 3aperucTpUpOBaHO MPU Ko3(-
¢unuente ycusieHus B 3 pasza OosblieM, yeM BepxHee. M3 3Toro pucyHka Bu -
HO, YTO II0JIOXKE€HHsSI MAKCUMYMOB IIMKOB CIBUIAlOTCs IPOIIOPLUOHAIBHO YBe-
JUYEHUI0 KOA(PPUIUEHTa YCUJIEHUS, YTO COOTBETCTBYET YMEHBILIEHUIO IICHbI
KaHaja B TPU pa3a; IIMPUHA MUKOB, BbIPAXKEHHAS YKCJIOM KaHAJIOB, TAKXKE MPO-
MOPIMOHATBHO yBenuuuBaeTcs. Ocobo oOpaliaeM BHUMaHue Ha To, uto I1III1IB
MOXET XapaKTEPU30BaTh IHEpPzemuuecKoe papeuienue CeKTpOMETPa TOJIBKO
B TOM CIIy4ae, €CJIM OHA BBIPAKECHA DHEPreTUYECKUMH €IMHULAMH, HO HE YHC-
JoM KaHanoB. MIMeHHO 31O aeMoHcTpupyer Pucynok 10: mmpuHa nukoB Ha

TUCTOrpaMMax 3aBUCUT OT KO3 duim-

€HTa YCWJICHUS, HO OMHOCUMmENbHOe

o IHepzemuuecKkoe paspeuienue  Clek-
tpometpa (fwhm/E) ot Hero He 3aBucwur,
a ONpENENsIeTCs] TEXHUYECKHUMH JTaHHbI-
M MH JETEKTOpa U CIEKTPOMETPUYECKOIO

Kanansl TpaKTa.

Bpiie ™Mbl mpeamnosiaranv, 4To

MEXIYy SHEPrueu, MOTJIOMEHHON IETEK-

OTcuyeTbl
A
I
[N

OTcyeThbl

KaHansl

Puc. 10. AMmiutyaHoe pacnpenene-

HUE IBYX JIUHUU TIPU pa3HBIX KOdhPu-
ueHTax ycuiaeHus. K — Koo puumuent
YCHIICHHUS.

TOPOM, U TTOJIOKEHUEM MaKCUMyMa TThKa
B KaHaJlaX CYIICCTBYET JIMHCHHAs 3aBH-
CUMOCTh. B elCTBUTENHLHOCTH TaK ObI-
BaeT JAJICKO HE BCET/A.

Bo-niepBbIx, aMIUTUTYTHO-
uudpoBoit  mpeodpazosarens (AL
MOKET 00pabaThIBaTh aHAJIOTOBHIE CHUT-
HaJIbl TOJBKO B OTPAHMYEHHOM JIAAIa30-

He. B YaCTHOCTHU, UMCCTC IIOPOI, HUKC KOTOPOro aMINIMTY/Abl BXO/JHBIX HM-
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MyJIbCOB B HOMEp KaHalla HE MPeo0pa3yloTcs. DTO MPUBOAUT K TOMY, YTO T'pa-
JIyMPOBOYHAs JIMHUS JIOJDKHA OBITH IIPEACTABJICHA, 110 KpaitHel Mepe, PyHKIren
E=Go+Gyp, rne Gy u G; — koHcTauThl. CieqoBaTeabHO, TPAIyHPOBKa MOXKET
OBITh BBITIOJIHEHA, €CJIM U3BECTHBI SHEPTUU HE MEHEE UeM JIBYX JTUHUM.

Bo-BTOpBIX, aMIUIMTYbl CUTHAJIOB Ha BBIXOJE YCHJIMTENS MPOIOPIHO-
HaJIbHBI SHEPTUU JIUIIb MPUOTU3UTEIBHO U MPAKTUYECKH aMIUTATYIHAs Xapak-
TEPUCTHUKA OTIWYAETCS OT mpsiMoit muHuu (cMm. Puc. 11, yrpupoBanHo). Bkian B
HEJTMHEHHOCTh, BHOCUMBIN HPGe-neTrekTropoM, Maa u OTKIOHEHUE aMILTATY/I-
HOM XapaKTEPUCTUKU OT IPSMOM ONpeness- n
€TCsl TJIaBHBIM 00pa3oM aHaJOTOBBIMH IICTIS-
MU JJIEKTPOHHOH ammapatypsl (MIpemayCcCHiIu- Nimax E—F ANmax
TeJb, OCHOBHOM ycunutenb, ALIT).

KadgecTtBo cmekTpoMerpa OIEHHUBAETCS
JBYMSI BEJTUIMHAMH:

E

1) unmezpanvnasa nenuneitnocms — | = Ermax
Mnax/Nimax,  THAE ANpay — MAKCHUMANbHOE OT-  Pyc. 11. AMIUIATY/HAs XapAKTEPH-
KJIOHEHUE PEAIbHOM KPUBOM OT HICAIBHOM, CTHKa CIIEKTPOMETpa

Nmax — MAKCUMAaJIBHBIM HOMEp KaHaja;

2) ougppepenyuanvuan nenuneinocmo — 6 = (AU -AUg,, ) AUx,,,, Toe AUy —
IMpHHa KaHaita ¢ HomepoM i, AUk, — cpelHss MUpUHA KaHala; WUpUHA Ka-
Hala — 5TO AWaNa30H aMILUTMTY/l, COOTBETCTBYIOIINI OJTHOMY KaHaTy.

4.3. BpeMeHHbBIE XapaKTEPUCTUKH CIIEKTPOMETPA

[Iporiecchl U3MEpPEHUsT U PETUCTPALIMH UMITYJIBCOB TPEOYIOT HEKOTOPOTO
BpeMeHU. Bo-TiepBhIX, JIUTETRHOCTH Mpollecca MpeoOpa3oBaHus aMILUIUTYIbI B
koa coctaBisieT 10 = 100 MKC M MOMKET 3aBHCETh OT HoMmepa KaHama. Bo-
BTOPBIX, KOMITBIOTEP 3aTPayuBaeT KaKoe-TO BpPEMs Ha MPHUEM U 00pabOTKY CHUT-
HanoB oT ALIIL, mpuueM 3T0 BpeMs MEPEMEHHO U YETKO HE OIPEIEIICHO.

Tak kak aHAIM3UPyEMBbIE UMITYJIbChl PACIPEIEIECHbl BO BPEMEHU CTATH-
CTUYECKH, TO TIPHU JIFOOOM OBICTPOJACHCTBUM YCTPOMCTB BO3MOXKEH MPHUXO/] OUe-
PEIHOTrO UMITYJIbCa B TOT MOMEHT, KOT/la MPOUCXOAUT aHAJIU3 NMpeapiayiiero. B
ATOM CJIy4ae MOXET MPOU30MTH UCKaKeHUE pe3yibTaTa. UToObl n30exaTh 3TOo-
ro, nocJjie noctyrmieHus: ummnyisbca Bxoa AIIIT 3akpeiBaeTcs Ha BpeMsi, HEOOXO-
JUMOeE JiJIs 00pa0OTKK CUTHAIA (10 TPUX0Jia COOOIIEHHS OT KOMITBIOTEPA O TOM,
YTO HOMEp KaHajla MPOYMTaH). ITO BpeMsi Ha3bIBaeTCs Mepmevim. OHO MOXKET
MMETh 3HAYCHUE OT MUKPOCEKYH/I JI0 JECATKOB MUJUIUCEKYH. B TeueHue mepT-
BOI'0 BPEMEHM MPUXO]I APyTruxX umiyibcoB Ha Bxoa ALl He npuBoauT K uX pe-
ructpanuu. Bpems, B Teuenue kotoporo ALIII B moaHOM TOTOBHOCTH KIET MPH-
X0J1a OYEPEAHOTO UMITYJIbCA, HA3bIBAETCS HCUBLIM BPEMEHEM.

N3-3a MepTBOrO BpeMEHU BO3HUKAET MOTEPsi HHGOPMAIIIN — HPOCUEHIbL.
OngHako B JJaHHOM Ciy4dae MEpPTBOE BpeMsl MPHUBOAUT JHUIIb K YMEHBIICHUIO
YHUCIa 3aPErUCTPUPOBAHHBIX B KAXKJIOM KaHAJIe UMITYJIbCOB U HE OTPAXKAETCS HA

dbopme mMmodyyeHHOTO pachpeneieHus. B camom nene, 3a0J10KMPOBAHHOE CO-
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crosiuue ALl u nosBieHue B TeueHHE BpeMEHH OJOKHPOBKU OUYEPEIHOTO MM-
yJibca — COOBITUS He3aBUCHMBIE. [103TOMY 4MCIIO MOTEPSHHBIX B KAKOM-TO Ka-
HaJIe UMITYJIbCOB MPOMOPIMOHAIBHO O0IEMY YNCIY UMITYJIbCOB B 3TOM KaHaJle.
OTO0 crpaBeaauBO Ul BCeX KaHAIOB. TakuM oOpa3oM, HAJIMYME MEPTBOTO Bpe-
MEHHU HE MCKaXXaeT aMIUIUTYyAHOro pacupeneneHus. OHO TODKHO yYHUTHIBATHCS
npu aOCONIOTHBIX H3MEPEHUSX MHTEHCUBHOCTEH WM IPU CPAaBHEHHUU Pa3HbBIX
cnekTpoB. Ha mpaktuke noreps uH@OpMauu OT MPOCYETOB YUUTHIBACTCS ITYy-
TEM H3MEPEHHS )KHUBOT'O BPEMEHH B MPOIIECCEe HAKOTUICHUS TaHHbBIX [1,5].

Cpennsisi 4acToTa MOCTYIUIEHUS CTAaTUCTUYECKU PacIpeiesIEHHbIX BO Bpe-
MEHHM HMITYJIbCOB HA BXOJI CHEKTPOMETPUYECKOTO TPAKTa HA3bIBAECTCS 3a2py3-
koiui. [Ipy OonbIIKX 3arpy3Kax MHTEPBaAIbl MEXIY UMIYJIbCAMUA MOTYT OKa3aTh-
Csl CPAaBHUMBIMU C JUIMTEIBHOCTBIO UMITYJIbCOB. BOSHUKHYT HAJIOKEHHSI CUTHA-
JIOB B CIIEKTPOMETPUYECKOM TPAKTE, YTO MPUBEIET K UCKAKECHUIO aMILIATYHO-
IO pacIpeleseHus], B YaCTHOCTH, K YXYALICHUIO pa3pelieHus. s npenorspa-
HIeHUs 3TOro 3 dexTa npu KOHCTPYHUPOBAHUH YCHIIMTENEH U peoOpa3oBareneil
IIPUHUMAIOTCS COOTBETCTBYIOLIME MEpbl. TeM He MEHee, aKTyaJbHOCTb ITOU
Ipo0JIEMbI BO MHOTUX CIy4asiX COXpaHsIeTCsl.

Bpemst Habopa JaHHBIX 3aBUCUT OT MHOTMX KOHKPETHBIX yciioBui. Yacto
OJIHUM M3 TaKUX YCIIOBUH SIBISICTCS OONYCHUMAA CHIAMUCMUYECKAA NoZpeut-
Hocmp. JIns yckopeHus Habopa 10 33JaHHOM «CTAaTUCTHKUY» MOKHO YBEJIUYUTh
3arpy3Ky, HalpuMmep, 3a cueT OoJbIlIel aKTUBHOCTA UCTOYHUKA WIIA TMPUOIIHKe-
HUs €ro K nerekropy. OQHaKoO MpU 3TOM CHEAYET NPOSIBIATH OCTOPOKHOCTH B
CBSI3U CO CKa3aHHBIM BBIILIE.

5. MaremMaTnuyeckasi 00padoTKa TaHHBIX

Kak yxe OblIO CKa3aHO, MBI paccMaTpUBaeM JWHEWUYAThIe SHEpreTHye-
CKHME CIEKTphl. IX aMIUIMTYyTHOE paclpeiesieHue Yauie BCero COCTOUT U3 TJIaB-
HOM 4YacTH C OTIENbHBIMU NMHUKaMH. B OOJBIIMHCTBE METOAOB OOpabOTKU WH-
dbopmaluio 0 CIEKTPe U3TYyUCHHS] U3BJICKAIOT U3 NTapaMeTpoB NMUKOB. K HUM OT-
HOCSITCSI: TIOJIOKEHHE MaKCcuMyMa (WM LEHTpa TSKECTH) MUKA, TJIOIIaAb MUKa
(cymMma 4mucia OTCUYETOB B MUKE) W IUpUHA MUKa. [I0CKOJIBbKY B MHOTOKaHaJb-
HOM aMIUTUTYAHOM aHAJIU3aTOPE pacHpeaeICHUE MPEACTABICHO TUCTOrPaMMOi,
MOJIO’KEHHE MaKCUMyMa TTHMKa HEe MOXKET ObITh OMPEJIeSICHO 10 HOMEPY KaHaja ¢
MaKCHUMAJILHBIM YHCJIOM OTCUETOB, a JOJDKHO BBIYUCIATHCA METOJAMU MaTeMa-
TUYECKOUN CTaTUCTUKU. [Ipr 3TOM MON0KEHNE MAKCUMYMa U JPYryue napameTpsl
ONPEAEISAIOTCA C TOYHOCTBIO 0 A0JIEN KaHajla. B TakoM ciydyae BMeCTO HOMEpa
KaHasia OyJileM HCIIOJIb30BaTh BEIUYHMHY P — TMOJIOKEHUE MaKCUMyMa IHKa Ha
HEIPEPHIBHON OCH KaHAJIOB, a MO/ TPaayupOBOYHON (PYHKITMEH MBI OyaeM Io/I-
pa3ymeBaTh 3aBUCUMOCTh E = F(p).

OuyeBHIHO, YTO JJI IPABUIIBHOTO OMUCAaHUS ()OPMBI TTHKA U €ro IMOJI0XKe-
HUSI HEOOXOAMMO, YTOOBI OH ObLT OMNpe/esieH, Mo KpaiHel Mepe, HECKOJIbKUMU
kanaigamMu. O0braHO goctatoyHo S + 10 xkananos Ha [/[[IT1B. YBennueHue ynuciia
KaHaJIOB Ha MHWKE HE3HAYMTEJIbHO IMOBBIIIAET TOYHOCTh ONPEACIICHUS MapaMeT-
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poB pacnpenaeneHusi. OQHAKO UX CYIIECTBEHHOE YMEHBIIEHUE MOXET MPUBECTH
Jake K morepe nuka. Ha mpakTuke 4uciao TOYEK Ha MUKE YacTO OMPEACIsieTCs
YCJIOBUSIMH MPOBEACHUS U3MEPEHUM, B YACTHOCTH JHUANa30HOM SHEPTUM, U TEX-
HUYECKUMU JJAHHBIMU armnapaTyphl.

3agadya 0O0pabOTKU COCTOUT B TOM, YTOOBI MO aMIUIUTYJIHOMY pacrpeie-
JICHUIO BBIYMCIIUTD IHEP2UU N UHMEHCUBHOCmU TUHUN Y-criekTpa. Kak ykasbl-
BAJIOCH BBIIIE, KaXIasl Y-JIUHUS IPEACTABICHA B AMIUIUTYJHOM PaCHpPEACICHUN
nuKoM. [Ipu 3TOM MOJIOXKEHHST MAKCUMYMOB ITMKOB B aMIUIMTYIHOM pacIpeie-
JICHUU W DHEPTHUH Y-JIMHUM CBSI3aHBI 3aBUCUMOCTBIO, OJM3KOM K nuHerHou. [To-
HO€ YHCIJIO COOBITUH B MHUKE («IUIOIIAIb MUKa») MPOMNOPIHUOHAIEHO WHTEHCHB-
HOCTH JIMHUM, Tpr4YeM KO3POUIIMEHT NPONOPIIMOHATBHOCTH CUIBLHO 3aBUCUT OT
SHEPIUH.

PaccmoTprM oCHOBHBIE 3Tamnbl 00PaOOTKH aMIUTUTYIHBIX PACIpeIeICHUM.

IlepBbIii 3Tan — MOUCK NUKOB. OH MOXKET BBIMOJHATHCS SKCIIEPUMEHTA-
TOPOM HJIM COOTBETCTBYIOIIEH MPOrpaMMOM, Pealn3yrolle TOT Wi UHOW KpH-
Tepui «muka». Hanbosee COXXHBIM SBJISETCS OMPEACIICHUE IMMKOB B MYJIBTH-
TJIeTax.

Bropoii 3Tan — onpeaeneHrue napaMeTpoB MUKOB B aMILIMTYJHOM pac-
npeaeneHuu. [IpuMeHstoTCs pa3inyHble BapuaHThl 00paOOTKH y4acTKOB pac-
npejeneHus, coaepxanux nuku. Hanbomnee nocnenoBaTenbHbIA METO/I COCTOUT
B TOM, 4TO JiJIsi 00pabaThiBA€MOro y4yacTKa BBIOMpAIOT MATEMAaTHYECKYIO MO-
JIeJIb, OMHACBIBAIONLYIO paclpeesieHue. TeM WM UHBIM METOJIOM HIIYTCS TaKUe
3HAYCHUS MapaMeTPoB, YTOOBI MOJIENIb HAMTYUYIIMM 00pa30M OMKCHIBAJIa DKCIIe-
PUMEHTAJIbHBIE JIaHHBIE. B mpocTedmmx ciaydasix MOAEIb, COOTBETCTBYIOIIAS
OJIMHOYHOMY TIUKY, UMEET BU/I:

(p-py)°

Y ( p) = Al + AZ p + A3e o , e Aj — KOHCTAHTBHI.

To ecth mpeamnonaraeTcs, 4YTo aMIUIUTYAHOE PACIPEACICHUE MPEICTABIEHO MH-
KOM TaycCOBOM (hOpMBI HA HAKIOHHOM «IIbENIECTaje, JIMHEMHOM B OKpPECTHO-
cTsx nuka. Hambosee cymecTBeHHbIE MapaMeTphl MHUKA: MOJI0KEHNE MaKCUMY-
Ma (LEHTp TSDKECTH), iomanb u IIIIIIIB onpenensitorcsl MOciae BBIYMTAHUS
«mbenectanay. Ha mpakTuke «mpefiectam UMeeT 0ojiee cloxkHyo GhopMy, B da-
CTHOCTH U3-3a BIIMSIHASI KOMIITOHOBCKOI'O PACCESHUS.

B namewm ciyyae 115 anmpoKCUMAIIUX UCTIONB3YeTCs 00Jiee CI0KHAs MO-
nenb. B yacTHOCTH, 3Ta MOJI€Nb UCIIOJIb3YET MUK-00pa3, ONpeAeICHHbIN JKCIIe-
PUMEHTAIBHO 1O HauOoJee TUMTMYHONW JIMHUYU U 33aJIaHHBIA B TaOJIUYHON Qopme,
a «IbeJecTam» MPEJICTABIAECTCS MOJIUHOMOM (3-i CTENEHM) U YUYUTHIBAET CTY-
MIEHYAThIN XapaKTep «IIbEAECTana» Mo MUKOM.

[Ipu peiieHuu 3aauu 0 HAIUYUU MYJIBTUILIETa HEOOXOAMMO 3HAHHUE 3a-
BUCUMOCTH [/[II]IB OT 3HEpTUM B YCIOBHUSIX 3aJJlaHHOM YHEPIreTUYECKOU TpagyH-
poBku. I[loaTOMy mO€JIe BBINONHEHUS TPALyUPOBKU MO SHEPTUH, MPOBOIAUTCS
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KaJTuOpOBKa MO MIMPUHE MUKOB: CTPOUTCS COOTBETCTBYIOIIAsl KpUBas, KOTOpas
3aT€M YYMTBIBACTCS IPU pacyeTax.

Tpertnii 3Tan — rpaayupoBKa 1O SHEPrUU U omnpezaesneHue 3p¢PeKTUBHO-
CTH PETUCTpAllMH CIEeKTpoMeTpa. [l HaX0XIEHUS CIIEKTpa Y-U3IydeHHs] HE0O-
XOIMMO 3HAaTh COOTHOILICHMS: <QHEPTUS — IIOJOKEHHUE MAKCUMyMa IIHKa»
E=F(p) u «uaTeHCMBHOCTD — IuTomaab muka» |=S(E).

B namewm ciydae rpamympoBka mo sHeprun E = F(p) anmpokcumupyercs
NOJIMHOMOM | -i4, 2-i1 min OO0nbIIKX cTeneHel. [Ipu 3ToM HCOoab3yeTCsl CTOIBKO
W3BECTHBIX JINHUW, CKOJIBKO BO3MOJKHO, a TPaAyHpOBOYHASL KpUBAsi IIPOBOAUTCS
METOJOM HauMEHBUIMX KBaJpaTOB, YTO JAET BO3MOXHOCTh y4Y€CTb HEJIMHEH-
HOCTb CIIEKTPOMETPUYECKOIO TPAKTA.

Ha npakTuke 3HAYNTEIBHO YBEJIMYMBATH YHCIO TOYEK JUJIS IPAaJyUPOBKU
WINA CTENEHb IOJIMHOMA HE I1eJIECO00pa3Ho, TaK KaK aMIUIUTYIHAas XapaKTepu-
CTHKa CHEKTPOMETpa OOBIYHO MMEET BUJ IJIaBHOW KPUBOM C HEOOJBIIUM YHC-
oM mepernOoB (wiu 6e3 Hux). BakHO, 4TOOBI perepHbIe JTUHUU OXBaThIBAIU
BECh MCCIEAYEMBIM IHANA30H M Pa3MEIIAINCh BHYTPU HErO MO BO3MOKHOCTH
paBHOMepHO. Kpome Toro, cieayer UMEeTh B BUAY, YTO MCIIOJIb30BaHUE TPATyH-
POBOYHBIX MMOJMHOMOB BBICOKOM CTENEHU HE rapaHTHUpPyEeT 00Jiee BBICOKOTO Ka-
YecTBa I'PAAYUPOBKU. DTO CBSI3aHO C TE€M, YTO, BO-IIEPBBIX, MCIIOIb3yEMas B
JAHHOU pa0boTe anmaparypa UMEET XOPOIIYIO JUHEHHOCTh. A BO-BTOPBIX, B CIIY-
yae HEeyJa4uHOro BbIOOpa rpalydpOBOYHON JTMHUU MPU BHICOKOW CTENEHU MOJIU-
HOMa OIIMOKa B OINpPEAEICHUH SHEPTUU MOXKET OKa3aTbcs oueHb Oonbmoil. Ha-
IIPUMEP, €CIIA BCE TPAaLyUPOBOYHBIC JINHUM PACIIOIOKEHBI B IIEPBOU TPETH IUa-
na3oHa, TO B KOHIIE €ro OINOKa IPU OMPEEIICHUN YHEPTHH OyIeT BO MHOT'O Pa3
OoJIbIIIe, YeM TP UCTIOIB30BAHUN JTUHEHHOM TpayupOBKH.

OOpamaem BHMMaHHE Ha Ba)KHOCTH NMPOLEAYPbI IPAIYHPOBKH, TAK
KAaK 324aCTYI0 MFMEHHO OHA ompeJeisieT TOYHOCTH MOJY4YEeHHOr0 pe3y/abTa-
Ta.

3aBUCUMOCTh 3(PPEKTUBHOCTA PETUCTPALMU OT SHEPTUM OYEHb CHIJIbHA
(u3-3a CHJIBHOM 3aBUCHUMOCTH ceueHusi Qororddexra OT PHEPruu) U JOJDKHA
YUYUTBHIBATHCS NPU pPacy€Te UMHTEHCUBHOCTU ramma-iuHui. Ilosromy, npu mon-

1E-3

100 kaB 1000 kaB

Puc.12. O¢pdexruBnocts peructparun HPGe-nerexropa



TOTOBKE K M3MEPEHHSIM, HapsiAy C FPaayupOBKOM MO SHEPTUH, MO SKCIEPUMEH-
TaJbHBIM JAHHBIM CTPOUTCS KpuBas 3(PPEKTUBHOCTH CIIEKTPOMETPA, KOTOpas
YUUTBIBaeTCS IpU pacuérax. B Hamem ciydae 3Ta KpuBasl anlpOKCUMUPYETCS
IOJIMHOMOM, CTENEHb KOTOPOTO MOAOMpaeTcs MyTEeM OLEHKHU pe3ybTaToB 00-
PpabOTKH SKCIIEPUMEHTAIBHBIX JAHHBIX. D(PPEKTUBHOCTh PETUCTPALMU SIBIISIETCA
OJHOM M3 TEXHUYECKHX XapaKTEPUCTUK AECTEKTOpa, IOITOMY MOXKET OBIThH IO-
CTpPOE€HA OAHAK/AbI, U UCIOJIb30BaThCS B JAIbHEUIINX U3MEpEHUsX. TunuyHas
XapaKTepUCTHKA YPPEKTUBHOCTH JETEKTOPOB, UCIIOJIb3YEMBIX B JaHHON padoTe,
npuseneHa Ha Pucynke 12.

6. Texunuyeckue cpeacTrsa padoueil VCTAHOBKH

B nanHoli maGopaTopHOil pabOTe€ HCHOJB3YETCS CHEKTPOMETPUUECKUMN
KOMITJIEKC, MpeaHa3HAaYeHHBIN I MpodheCCHOHATRHOTO PUMEHEHHUSI B HAyd-
HOM ¥ TIPOM3BOJICTBEHHOU c(pepax, CBI3aHHBIX C MPEIU3MOHHBIM U3MEPEHUEM Y-
cnekTpoB. Komruiekc Mmo3BoJisieT perucTpupoBaTh aMIUIMTYIHBIE pacrpesese-
Hus curHajgoB oT HPGe-neTekTopoB, rpaayupoBaTh CIIEKTPOMETP, ONPEACIISThH
DHEPTUU Y-IMHUN, UACHTU(GUIIUPOBATH U3TYUYAIOIINE U30TOIBI, OMPEACIATh aK-
TUBHOCTb UCTOYHUKOB U Jip. CocTaB, TEXHUYECKHE XapaKTEPUCTUKU KOMILIEKCA
U €r0 OTJIETFHBIX YacTel MPUBEICHBI HUXKE.

6.1. biioK 1eTEKTUPOBAHUS
(IETEeKTOp M3 CBEPXUYUCTOTO F'ePMaHUs M MPETyCUITUTED)

— JleTeKTOp HAaXOAUTCSA B BAKYyMHOM IOJIOCTH KPHOCTATa; HEMOCPEACTBEHHO
OKOJIO HETO0 MOMEIIEH T'OJOBHOM KacKaj 3apsAl04yBCTBUTEIIBHOIO MPENyCH-
JIUTENS, OCHOBHAS CEKILIHSI KOTOPOr0 YCTAaHOBJIEHA Ha KOPITyCe KPUOCTATA.

— DHepreTudeckoe paspericHue 0Jioka JeTeKTUpoBaHus il 3Heprun 122 k3B
cocrasisiet 1,0 k3B, mis sueprun 1,33 MaB — 1,85 k3B (3T0 sHEprun raMmma-
JIMHAHA PaIHOHYKIHIO0B ° CO 1 °CO — OHH YacTO UCIOIB3YIOTCS IS OLEHKH
HSHEPreTUYECKOrO Pa3pelieHUs] TEPMAaHUEBBIX JETEKTOPOB).

— OrtHocutenbHast 3¢HEeKTUBHOCTH peructpaiuu aerekropa (mo 3x3"” Nad) mms
sHepruu 1,33 MaB — 22,4%.

— OrtHolIeHne MUK/KOMIITOH i sHepruu 1,33 MaB — 49.

— OnrumansHoe pabouee HalpspKeHUE cMeleHus getekropa — +1200B.

— OnrumanpHas MOCTOSIHHAsT BpeMeHu GopMupoBaHus — 6 MKC (ISl MOBBI-
HIEHHBIX 3arPy30K — 2 MKC).

— Junamna3zoH uaMmepenus sHepruit y-uznyuenus — 4010000 kaB.

— Koaddpunuent npeodpazoanus — He meHee 100MB/M»B.

— HuTerpanpHas HEIUHEHHOCTh PYHKIIMHU IpeoOpazoBanusi — He Oonee 0,03%.
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6.2. CIIEKTPOMETPUYECKOE VCTPONCTBO U KOMITLIOTED
(ocHOBHO# ycunmutenb, ALTI, BBICOKOBOJIBTHBIM 010K MUTAHUS JCTEKTOpA U
HU3KOBOJIbTHBIN MCTOYHUK ITUTAHHS )

— HWurerpanpHas HenuHeHOCTH — He O0oaee 0,05%.

— MaxkcuMainbHas 3arpy3ka — 10° mvrr/c.

— Tun AL — Bunkuncon, yactora kogoBoi cepun — 100 MI', namste — aB-
TOHOMHAsI, 9MCI0 KaHainoB — 8192, emkocTh kaHama — 16777215, cBs3b ¢
KOMITBIOTEPOM — T10 ToclieIoBaTesibHOMY KaHany USB.

— PerynupoBka ko3 uirieHTa ycuiaeHus: — pydHas.

— Bpewms ycranoBienus pabouero pexuma — 30 MUH.

OOpamaem BHEUMaHue Ha To, 4To ALlIl nMeer coOCTBEHHOE 3aIOMUHAIO-
1iee YCTPOMCTBO M BBIMOJHSAET (PYHKIIMU KOMITBIOTEPA MO PETHCTPAIMU U Bpe-
MEHHOMY XPaHEHUIO JaHHBIX. B OCHOBHOW KOMITBIOTED JaHHBIE MEPEIAIOTCS 110
Mepe HeoOxoaumocTu. Takas cxema MMeeT OIpe/ielicHHbIe PENMYIIecTBa, TaK
KaK He 3arpy’kaeT KOMIBIOTEp B MPOIECCe HAKOIUICHHUS JAHHBIX, B YACTHOCTH,
HAKOIUICHHWE MOXKET MPOUCXOIUTH JaXe TOT/Aa, KOTJAa KOMIIBIOTEDP 3aHAT APYTroi
paboToi (MK JaXe BBIKJIIOYEH).

7. TIporpaMMHoOe 00ecIeYeHue

[Mporpammuoe o6ecrieuenue SpectraLineGP (cozgano kommanueit LSRM,
PO ECCHOHATTFHOE) MO3BOJISIET YIPABIATH CIEKTPOMETPOM, XPaHUTh U TIPE-
CTaBJISATh SKCIIEPUMEHTANIbHBIE JaHHbIE B TparuecKoil U 4uciioBOi (hopMme, BbI-
NOJIHATh MAaTEMAaTHUYECKYyI0 OOpabOTKy JaHHBIX, BKJOYas TPAAYyUPOBKY IO
DHEPIruM U KaJuOpOBKY MO 3(PPEKTUBHOCTH, UACHTU(PUUIMPOBATH H3OTOIBI U
pacCUMTHIBATh UX aKTUBHOCTU. MIMEIOTCS BCTpOEHHBbIE OMOIMOTEKH, COAEpIkKa-
IIM€ CBEIEHUS O Y-U3JIYyYEHHUAX M30TONOB, M MACHOpPTa CTAHAAPTHBIX PATUOAK-
TUBHBIX UCTOYHUKOB (OCI'M). DT OGMOIMOTEKH MCHOIB3YIOTCS B MPOIEAYypax
UACHTU(UKAIINY HYKJIUIOB U PaCu€TOB UX aKTUBHOCTH.

COBOKYITHOCTh THMNA M TEXHUYECKUX XapaKTEPUCTUK HCIOIb3YEMOTO
CIIEKTPOMETPA, & TAKXKE AITOPUTMOB 0OPaOOTKM MCXOIHBIX TAHHBIX HA3bIBACTCS
Konguzypayuen. Ilporpamma SpectraLineGP wmoxer paboTath ¢ pasHBIMHU
KOH(UrypauusiMu; B JaHHOM 3a/ilaye yCTaHOBJIEHA OJHA KOH(pUTrypaius, KOTO-
pas umeeT uMsi SNP u npeaHazHadeHa aJig paboThl ¢ raMMa-CIIEKTPOMETPOM C
HPGe -ngerektopom. HacTpoiika koHpurypamuu ciioxHa u TpedyeT MHOTO Bpe-
MEHH, [T03TOMY BO BpEMsI BBINIOJHEHUS 331a4l U3MEHSATh €€ MapaMeTphl He cie-
ayer!

B rnaBHOM OKHE 3KpaHa MOHUTOpa OTOOpa)kaeTcs THMCcTorpamMma aMIUIU-
TYIHOTO pacupeneneHus. 31ech )K€ UMEETCS MapKep B BUJE BEPTHKAIbHOM JIU-
HUM, yKa3bIBAIOUINI Ha BRIOpaHHbBIN KaHal. [1oJ rucTorpaMMHBIM OKHOM IOKa-
3aHbl TEKYIINE 3HAYCHHs] BpEMEHN Habopa JaHHBIX U 3arpy3KH, a TaKKe 3Haue-
HUE NapaMeTPOB KaHajla ¢ MapKepOM: HOMEp KaHajla, SJHEPrusi, COOTBETCTBYIO-
1iasi ’TOMY KaHaly U YMCIO OTCYETOB B KaHaje. Ha skpaHe MoxeT ObITh OTO-

21



OpaXeHO HECKOJIbKO THCTOTPaMM: OJIHA U3 HUX OTOOpa)kaeT TEKYIIee COIACPKH-
moe aBroHOMHOM mamsatu ALl (okHO aHamm3aTopa), a Ipyrue OTOOpa)karoT
aMIUTUTYIHBIE pacIipe/ielieHus, paHee coxpaHEHHbIE B (pailax (rucTorpaMMbl U3
namatu AL u cuutanubie u3 GhaiaoB pa3iuyarOTCs IIBETOM).

VYpasieHue CHEeKTPOMETPOM OCYLIECTBISAETCS IPOrPAMMHBIM IIYTEM C
MIOMOIIBIO MBIIIM U MUKTOIrPAMM Ha 3KpaHe MOHHMTOpa. Haja riiaBHBIM OKHOM
pacIONOKEHbl CUCTEMHOE MEHIO U PAJl MUKTOTpaMM, MPEAHA3HAYEHHBIX IS
yIpaBICHUS CHEKTPOMETPOM U OOpaOOTKON SKCIEPUMEHTAIbHBIX JaHHBIX —
«[yasT ynpasiaenus» (Puc. 13).

7.1. YopaBiaeHne HAKOIJIEHUEM JaHHBIX

Cpasy mociie 3amycka mporpaMmbl (MM TOCIE 3aKphITHS OKHA aHAJIN3a-
TOpa) KHOMKH yrpasjieHus aHamuzatopoM «lyck», «Cton» u «Ounctka» He ak-
TUBHBI. J[JIs1 X aKTHBHW3AIlMU HY)KHO IIEIKHYTH 3HA4YOK «BKntoyeHue koHdury-
pauumny.

OOpatute BHUMaHMe: UM (aiisia, B KOTOpoM OyJeT coxpaHEH HaOpaH-
HBIM CIIEKTp, 3a7a€Tcs A0 Ha4vaja Habopa JaHHBIX; B JalbHEUIIEM €ro u3Me-
HATH HE CIIEIYET.

[Tukrorpamma «Ilyck» 3amyckaer Habop naHHBIX. [Ipu miemuke Ha HEH mo-
ABJISIETCA Ta0JUIAa C XapaKTEPUCTUKAMHU HUCCiaeayemMoro obpasia. B okoike B
JIEBOM BEpPXHEM YIITy TaOJMIIbl HY>KHO BBECTH UMsI pacrpezaesneHus (0e3 paciiu-
peHusi), KoTopoe OyAeT HaOupaTbes (Apyrue OKOIIKH MOXKHO HE 3alOJHSATH) U
méakHyTh «OKy». TTocie 3Toro mosiBUTCS KOHTEKCTHOE MEHIO, C MMOMOIIIBIO KOTO-
poro He0OXOAMMO YKa3aTh BPEMEHHOUW pekuM HakorieHus. Eciu BeIOpaHbI pe-
xuMbl «[10 peansHOMy BpeMeHW» 1y «[10 XXMBOMY BPEMEHU», TO MOKHO 3aaTh
BpeMsi Habopa (peasibHOE BPEMS — 3TO MEPTBOE BpeMs + )KHUBOE BpeMsl).

[Tukrorpamma «CTON» OcTaHABIMBACT HAOOP JTAHHBIX.

[MukTorpamMmma «O4UCTKa» cTHpaeT AaHHbIC B aBTOHOMHOM mamsitu ALIIL
ByabTe BHUMATE/NbHBI, NIPU MIETYKE HA 3TOM 3Hauke AaHHbie B maMsaTu ALIT
cOpachIBalOTCsI HEMEMIIEHHO (MMporpaMMa He TIEPEeCTIPaIiBaeT).
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1 — OTKpbITb CMEKTP. 5 — Nokasatb/CripsiTaTb NapameTpbl M1KOB.
2 — CoXpaHuTb CrekTp. 6 — AKTUBHOCTb pPafMOHYKMNA0B.

3 — OTKpbITb TekyLLyo BubnuoTeky HyknMgos 7 —TNouck nukos.

4 — CBoicTBa cnekTpa. 8 — Kannbposka no aHeprum.

9 — KanmbpoBska no nonyLmpuHe.
10 — NoeHTndmkaums.

Puc.13. IlynpT ynpaBiaeHus

7.2. YupaBieHUue THCTOrPAMMOM

JUIsl yCTaHOBKM MapKepa Ha HY)XHOM KaHAJIE CIEAYeT HABECTH Kypcop
MBIIIH HA 3TOT KaHaJ U IEIKHYTh JIEBOW KHOIKOMA.

VYBenuunBaTh Macimtad ruCTOrpaMMBbl IO OCH KaHAJIOB (SHEPTHil) MOKHO
Ha)XaB JIEBYIO KHOIIKY MBIIIM U MPOTSHYB HA HEOOXOAMMOE PACCTOSTHUE — Ha JK-
paH OyAeT BbIBEIEH TPeOyeMblil y4acTOK TMCTOTPAaMMbl B PacTSHYTOM BHJIE.
Jlst Bo3BpaTa ructorpaMMel Kk maciitady 8192 kaHana HY)KHO B TJIaBHOM OKHE
HIEJIKHYTh MBI 2 pa3za. M3MeHsATh MaciiTad no BEPTHKAIM MOKHO KOJECH-
KOM MBIIIIH.

7.3. COXDaHCHI/Ie SKCIICPUMCHTAJIbHBIX JAHHBIX — ((COXpaHVITb CNEeKTP»

Kak yxe 06110 ckazaHo, ums (paiiyia 3a1aércsi mepes 3amyckomM Hadopa
nanubIX. [locne 3aBepiieHuss Habopa 9TO WMS HYKHO MOJTBEPANTH, MIEIKHYB
3Ha4ok «COXpaHWUTb cnekTp». B oTkpeiBmieMcsi okHe B cTpoke «MmaA dhanna»
cieayeT yopaTh TMOSIBUBIIEECS HE MPEAyCMOTpPEHHOE J00aBieHue (3TO MOXKET
OBITh YKa3aHUE Ha THUIl TEOMETPUH UCTOYHMKA). OOpamaeM BHUMAaHUe, YTO eC-
Ju aiin 3anuckIiBaeTCs 3aHOBO (TTOciie Habopa JaHHBIX, a HE CYMTAaHHBIN C K C-
Ka), TO OH 3aIlMChIBAETCSA BMECTE C TEKyLIEH IpayupoBkoil. Bce maHHbIe 3anm-
ChIBATh B IMPEKTOPHIO 0 YMOJYAHUIO», NHAYEC JAHHBIC MOTYT OBITH ITOTE-
PSHBI U JaKe HapyIllIeHa HACTpoiika KoHpuUrypammmn!

7.4. CuuThIBaHUE DKCHEPUMEHTAIBHBIX NJaHHBIX — «OTKPbITb CNEKTP)

B otkpeiBiemMcs okHe «OTKPbITb CNEKTPY BHIOPATh (aiiil U OTKPBITH €ro.
CuuTaHHOE aMIUIUTYJHOE pachpeiesieHne OyaeT BhIBEJCHO B «CBOE» OKHO. Ta-
KHX OKOH MOKET ObITh MHOTO. JJisi y1o0CTBa JadbHEUIIUX NEUCTBUN HYKHOE
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OKHO MOXXHO pa3BepHyTh. OQOpamaeM BHUMaHHe, 4TO (Qailn OydeT cuuTal
BMECTE C paHEe 3alMCAHHON B HEM IPaTyHpPOBKOI.

7.5. «[TOUCK NUKOBY.

OOHapyXeHHEe UMCIOIMUXCSA B PACIpPEICTICHUN MTUKOB BBITIOIHSIETCS MPO-
rpaMMoii mo komanae «onck nukoBy. IIpu 3TOM BBIYHCIIAIOTCS BCE HEOOXO/IH-
MBbIE IMapaMeTphl: YHEPTHUS, TUIOIIAAb, pa3perieHue u Ap. [lomoxkeHne MakcCumMy-
Ma HAaMJEHHOTO MUKAa OTMEYAETCS] BEPTUKAIBHOW JIMHHUEHN, a OKPECTHOCTH MUK,
KOTOpbIE Y4aCTBOBAJIU B 00pabOTKeE, — IBETOM.

[Ipu aBTOMATHYECKOM MOKMCKE MOTYT OBITh OOHAPYKEHBI MUKU, KOTOPHIE
HKCIIEPUMEHTATOpPA 3aBEJJIOMO HE MHTEPECYIOT. YTOOBI MCKIIIOUUTH 3TH MTUKU U3
npoiiecca 00pabOTKU HYKHO YCTAaHOBUTH MapKep (BepTUKaJIbHAS JIMHUA) BOIU-
31 MaKCUMyMa MpeArnoiaraeMoro Mnuka, MeJIKHYTh MPaBONH KHOMKON MBIIIU U B
OTKPBIBIIEMCSI KOHTEKCTHOM MEHIO INenkHyTh Haamucu «[Muk\Ypanutby», a s
OTMEHBI BBIICNICHUS BceX MUKOB — «[MMK\YAanuTb Bce» (pasymeercs, HCXOIHBIC
JaHHBIC OCTAHYTCSI HEWM3MEHHBIMH). boilee aeTanbHyI0 MH(POpPMAIMIO O THKAX
MO>KHO TIOJIy4YHTh, MIENKHYB 3Hauok «loka3aTb/CnpsaATaTb napameTpbl MMKOB).

1.6. ['pagynpoBKa CIIEKTPOMETpA 11O SHEPIUHU — «KanMGDOBKa no aHeprun»

Kakas-To rpagyrpoBKa CIEKTpOMETpa B CHCTEME BCErja MMEETCs — OHa
OCTaeTcsl OT MPENbIAYIIUX MoJsib3oBaTenen. [03ToMy, 10 BBINOJHEHUS CBOEH
rpajyupoOBKH, MOKA3ZAHUS CIIEKTPOMETPA CJIeAyeT CHUTATH HEBEPHBIMM.

PexomenayeTcs ciaeayromuid NopsiioK rpaayupoBKHy.

1) 3aperucTpupoBaTh KaInOpOBOYHOE pacmpescsieHne moa umeHem «calibm
(TOJBKO_Tak — 310 BaxHO!). /lo 3aBepumieHMsi mpoueayp KaauOpoBOK (IO
sHepruu u nio [1IIIB) pacnpenenenue B (aiisic He COXPAHSTD.

2) BbINOJHUTH MOKUCK MTUKOB.

3) IllénkuyTh mo 3HauKy «OTKPbITb TEKYLWYIO 6MONMOTEKY HyKnuaoB». B or-
KpBIBLIEHCS TabJMIle U30TONOB BBIOPATh HYXKHBIN M pa3BEPHYTH €ro (+).

4) IlenkuyTh 3Ha40K «KanubpoBka no aHeprumy. I1o 3Toii KOMaHAe OTKphIBa-
eTCsl TaOJMIla, B TIEPBBIX JIBYX KOJOHKaX KOTOPOW MPHUBEACHBI MapaMeTPhl MH-
KOB, BBIYUCIICHHBIC IO Mpeabayinei rpagyuposke («Kanany, «E(cnekTp), kaBy).
B kosnonky «E(610n.), K3B» ciemyeT BBeCcTH aieKBaTHBIC 3HAYCHHUS YHEPTHI W3
OMOMMOTEKM PAAMOHYKIUAOB. DTO MOXHO CcJieJaTh MyTEM MepeTacKUBaHUs
MBIIIBIO 3HAYCHUH M3 OTKPBIBILEHCS TaOIMIbl «BUONMoOTeKa». YKa3biBaTh IHUKH,
MpeIHa3HAYCHHBIC TSl TPAAYUPOBKH, YIOOHO IO THCTOTPaMME.

5) TIlocie BBoma OBYX 3HAYEHUH OTKpoOETCs TpaduK, HA KOTOPOM, MO Mepe
BBOJIa CIICYIONINX JaHHBIX, OYAYT MOSBISATHCS COOTBETCTBYIONIUE TOYKU. YTO-
OBl OKHA TPayUPOBKU M OMOJMOTEKH HE 3aKPBIBAIM APYT APYyra UX MOXKHO Iie-
PEABUHYTb.
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6) Ilocne BBOIa BCeX TOYEK 3aKPHITh OMOIMOTEKY, €CiIi OHA ObllIa OTKPBITA, U
mIETKHYTh KHONIKY «KannbpoBatb». B kpaiiHei mpaBoii KOJIOHKE TaOIHIIBI MOS-
BATCSI 3HAUEHUS DHEPrui, BHIYMCICHHBIX MO HOBOM rpamyupoBke. [lon rpadu-
KOM TIOSIBSITCSI JIB€ anbTepHaTHBHBIC KHONKU: «[loka3aTb AaHHble» u «[lokasaTb
HEeNMMHENHOCTb». AKTHUBU3MPOBAB BTOPYIO KHOIIKY, MOXXHO OIICHUTH XapaKTep
MOTPEIIHOCTEN KaTUOPOBKH.

7) PykoBoacTBysich 3HaueHHEeM «XW-KBagpaT» v rpadukoM HEITUHEWHOCTH (a
TaK)Ke 3/IpaBbIM CMBICIIOM) BBIOpATh CTENEHb MOJIUHOMA.

8) IIénkuyth «CoxpaHutb B hann\CoxpaHUTb.

9) IlénkuyTh «MpUMeHnTL\OK)).

10) «3aKpbITb.

[Tocne 3TOro MoKHO NMEPEXOAUTH K KAIMOPOBKE M0 MOJIYLIUPUHE.

7.7. KaimOpoBKa 110 IMOJIYIITHPUHE

Cpazy nociie KaTMOpOBKH 10 SHEPTUH BBHIMIOTHUTH CIICIYIOMIEE.
1) IlenkHyTh 3Ha40K «KanubpoBka no nonywmpuHey». Vicxonas u3 JaHHBIX OT-
KPBIBIIICHCS TaOJUITBI, B IEBOM HIDKHEM YTy BBECTH 3HaUCHHUE MaKCUMaJIbHOU
MOTPEITHOCTH IS 3HAYUMBIX NMHUKOB (T€X, KOTOPHIE Y4acTBOBAIU B TpaayH-
POBKE TIO0 SHEPTUH) U aKTUBHU3HPOBATH €T0, MOCTABUB «TAJIOYKY» B OKOIIKE
cieBa oT Hagnucu «[orpewHoCTb.
2) YOparh TOYKH, HE UMCIOIIME OTHOIICHUS K JIAHHOW OIepalnu, HalpuMmep,
camble JICBBIC TOYKH, BBINAJAIOIINE M3 JHana3oHa KanuOpoBku. i 3TOrO
MIETKHYTh Ha TOYKE MPABO KHOIKOW MBIIIU U UCIIOJTHUTD «YAANUTb TOUKY.
3) IlenkuyTtsh «PaccymTaTby u moA00paTh CTEICHD MOJIMHOMA.
4) Hlenxuyth «CoxpaHutb B (hann \ CoxpaHuTb.
5) Hlenkuyth «MpuMeHUTb K cnektpam \ Ok ».
6) 3aKkpbITh OKHO KaJTHOPOBKH.
7) CoxpaHHUTh KaTHOPOBOUHBIN CHIeKTp (MM (haiina 1omKHO ObITh «calibry, Ha
MPEIyNpPeXJICHAE O CYIISCTBOBAHWUM TaKoro (haiijla OTBETHTH COTJIACHEM Ha
3aMEHY).

7.8. Perucrpamusa dona

[Ipu pacuere 3(pGHEKTUBHOCTH PETHCTPAMN U AKTUBHOCTH HM30TOMA aB-
TOMATUYECKN YUUTBIBAECTCS PAOUAUUOHHBLI (POH nomMeuieHus, B KOTOPOM Ha-
xoauTcs cektpomeTp. [loaTomy, mepen BHIMOTHEHUEM 3THX Olepaluii He0OXo-
Mo 1o iMeHeM «fony (ToJIbKo Tak — 3T0 BaskHo!) 3aperucTpupoBath HOHO-
BOE pacmpejiesicHue B TeueHue ~ 10 MUHYT, BBIMIOJIHUTH MOUCK MTUKOB M COXpa-
HUTH €ro (Ha MpeaynpexaeHUue O CYUIECTBOBAHUU Takoro ¢aiiaa OTBETUTh CO-
rJIacHeM Ha 3aMEHY).
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7.9. Unentudukaiiys n30TOIOB M pacyeT akTuBHOCTH — «aeHTMdKnKkaumay

WneHTudukanis M30TOIMOB M PACYET WX AKTUBHOCTH BBITIOJTHSFOTCS
mieadkoM Ha nukrorpamme «UMpeHTUdmkaumsa» mocie nponenypsr «louck nu-
KOB).

[TapameTpom, BIUSIOMINM Ha Ka4eCTBO WACHTU(HUKALINY, SIBISETCS «OKHO
(MHTEpBaJl) MICHTU(PHKALUN», KOTOPOE OMpEAeIseT MHHAMAIBHYIO DPa3HUILY
MEXIy PacuyeTHHIMU (M3MEPEHHBIMU) M TAOIMYHBIMU 3HAYCHUSMHU DHEPTHIA.
DTOT mapaMeTp 3aBUCHUT OT Pa3pelIeHHs CIIEKTPOMETPa U Ka4eCTBA IPagyrupoOB-
k. Ero MOXXHO BappupoOBaTh, HO B HAaIleM CIy4ae OH YCTAHOBJICH ONTHMATh-
HbM (1.2 k3B).

ITo xomanzae «ApeHTU(UKALUA» Hal TMKAMU MOSBIISIOTCS Ha3BaHUS U30-
TOTIOB, KOTOPBIM 3TH MUK COOTBETCTBYIOT. boiee AeranbHyl0 WHGOpPMAIHIO
MOKHO TOJYy4YUTh, HIENKHYB Ha 3HauKe «AKTMBHOCTb PagvOHYKNMAOB» (B OT-
KPBIBIIEMCSI OKHE MOXXHO pa3BepHYTh CTpouky «OOWMUA OTYET», BHIOpATH
«...OTYET 00WMN.fr3» 1 mEnkayTh «OTYETY).

8. YupaxHenusi

Brhumanue! Bce 3apecucmpuposannvie pacnpedeneHus HeoOX00UMO COXpa-
HAMb HA Oucke (KaiubpoBOUHbIL CHEKMpP COXPAHAMb NOCie Npoyeoyp Kaiuo-
POBKU).

1. BHIMOTHUTE YHEPTETHYECKYIO TPATYUPOBKY CIIEKTPOMETPA, HUCIOJB3YS
3aganHblil n3oton u3 kommuiekta OCI'U. I'pagyupoBKy BBINOJHUTH Pa3HBIMU
croco0amMu (BapbUpysl CTENEHb MOJIMHOMA M WCIOJIb3yEMbIC JIMHHUH); TIPOTEC-
TUPOBATh U BHIOPATH ONTHUMAIBHBIA CIOCOO (PACXOXKICHUE MEXIYy H3MEpPEH-
HBIMH M TaONMMYHBIMH AaHHBIMU 710 0,5 k3B MOXXHO cUMTaTh YI0BIETBOPH-
TEJIbHBIM).

2. BBIMOJHUTH KATMOPOBKY CIIEKTPOMETPA IO MIUPUHE TTUKOB.

3. 3apeructpupoBathb (oH.

4. BBbINOMHUTH KAaTUOPOBKY CIEKTpoMeTpa mo 3((PEeKTUBHOCTU pEerucTpa-
1007078

5. 3apeructpupoBaTh aMIUTMTYIHBIC PacTpeIeICHUS HEM3BECTHBIX HMCTOY-
HUKOB. OIpeAeINTh SHEPTHH, MHTCHCUBHOCTH W Pa3peIIcHHE.

6. IlpomsBecTr HAESHTU(UKAIIUIO U3TYUYAIOMINX U30TOTIOB U ONPEICTUTD UX
OTHOCHUTEIHHYIO M a0COTIOTHYIO aKTHBHOCTb.
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Cnpasoqnme JAaHHbIC 110 Y-JINHUAM

B2y ITepuoa monypacnana 13,54 ner
Oueprus, k3B | UHTeHcuBHOCTh | DHeprus, k3B NHTEHCHBHOCTD
121,782 28,88 964,053 14,64
244,699 7,52 1005,600 0,66
344,281 26,67 1085,836 10,12
411,118 2,24 1089,840 1,73
443,985 3,12 1112,070 13,51
564,030 0,50 1212,923 1,41
688,680 0,86 1299,120 1,63
778,906 12,96 1408,012 20,85
867,379 4,24 1457,619 0,50
*Ra Ieprox moxypacmaza 1,6:10° ner
Oueprus, k3B | UHTeHcuBHOCTh | DHeprus, k3B NHTEeHCUBHOCTH
185,970 3,7 1408,006 2,59
241,970 7,50 1509,260 2,26
295,221 18,90 1729,648 3,14
351,922 36,30 1764,551 16,60
609,320 45,50 1847,490 2,19
768,377 5,10 2118,558 1,25
1120,310 15,80 2204,174 5,25
1238,130 6,14 2447,840 1,65
1377,709 4,23
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Y4eOHOE U31anue

J.0. EpeMeHko
K.A. Ky3akoB
C.JO. IlnaToHoB
A.B. ComukoB
A.B. Cnaccknii

JIABOPATOPHAS PABOTA Ne 31

«CHEKTPOMETP 'TAMMA-U3JIYUYEHUA C JETEKTOPOM
N3 CBEPXYUCTOI'O 'EPMAHUS»

Y4eOHO-MeTOAUYECKOE TocoOHe s cTyaeHToB OAD

PaboTa noctynuna B peJakiiIMOHHO-U3aTENbCKYIO TPYIITY
OUT HUMAD MI'Y 18.03.2015 r

®opmat 60x84 1/16. bymara odceTHasi.
[Teuats udpoBas. Tupax 50 sk3. 3aka3 Ne

OTtneyaTaHo ¢ MaTepHaIOB, MIPEIOCTABICHHBIX aBTOPaMH,
B Tuniorpadun «KJY». Ten./dakc (495) 939-44-91,
www.kdu.ru; e-mail: kdu@kdu.ru
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