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B nanHOM mOCOOWY TIPUBOAATCS METOIUYUECKHUE YKA3AHUS IO BHITOJTHEHUIO
IATH JTaOOPATOPHBIX PAOOT B paMKaX Kypca « S IepHbIil TPAKTUKYM» I CTY-
nentos 4-ro kypca dusungeckoro dakynprere HI'Y. Kaxmoe onucanue srabo-
paTopHOil paboThl MMEET: KPATKOE BBEIEHUE B COOTBETCTBYIOLLYIO 00/1aCTh
9KCIIEPUMEHTAIBHON (DU3UKY W B METOAWKY, MIPUMEHSONIYIOCT B JAHHON pa-
00Te; mepedeHb UCIOIb3yeMOro 000D Y/IOBAHNST; 33 TaHIS [IJIsT CTYI€HTOB U YKa-
3aHUs 110 UX BBIMOJHEHHO; (POPMY OTYETa O BBIIOJIHEHHOM paboTe; CIIUCOK pe-
KOMEHJIOBAHHOM JIUTEPATyPbhI JIJIsi MOJNOTOBKY K 3aiure paborbl. Hacrosiee
rocobue mepepaboTaHo ¢ yIeToM MOAepHu3anuu 000pyI0BaHus /s Jadopa-
TOPHBIX PA0OT ¥ TOSBJIEHUEM HOBBIX PAOOT HA, OCHOBE 3aKYTIJIEHHOTO 000pY-
JIOBaHUS, IO CPABHEHUIO C TPEIBIAYIIAM U3JAHUEM TTOCOOUS.
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Jlaboparopnasa pabdora Ne 1

I'amMa-criekTpoMeTp Ha OCHOBE
COMHTUJLJIAIIMIOHHOTO CYETINKA

BBenenne

CupHTUIISITMOHHBIA METO/T sIBJISIETCSI OJIHUM U3 IEPBBIX METOJIOB PErucTpa-
UK sepHOTO u3aydenus. [Ipex e 3apsykeHHble YACTUILI ((-YaCTHUIbI) BU-
3yaJIbHO PETUCTPUPOBAJIUCH B CIIMHTAPUCKOIIE TI0 BCIIBIIIIKAM CBETA MTPU YIAPe
9aCTUIl B 9KpaH u3 cyiabduma muaka. CIMHTaAPUCKONBI BCKOPE OBIIH BBITEC-
HEHBI Ta30Pa3PsHBIMUA CIETYNKAME U MOHUM3AMMOHHBIMU KaMepaMu. Bo3Bpa-
IMeHre CIUHTUIISIMOHHON METOUKY B S/IEPHYI0 (DUBUKY IPOU3OILIO, KOTIA
JIJIsl PECUCTPALUE CHUHTUIIIANAN ObLIM UCIOIB30BAHbBL MHOIOKACKAIHbIE (HO-
TO3JIeKTPOHHBIE yMHOKUTEH (DY) ¢ GonbimM Ko3DHDUITMEHTOM YCUTCHYS,
CIIOCOOHBIE PETMCTPUPOBATH OYE€Hb C1a0ble CBeTOBbIE BCmbImku. C pa3BuTnem
GOTOHHBIX TETEKTOPOB U MOSIBJIEHUEM HOBBIX BHUJIOB CIIAHTUILIAIMOHHBIX Ma-
TEPUAJIOB 3TOT METOJ, PErMCTPAIMHA YHEPIUIHBIX FACTHIL MOJTYIH [THPOKOE
pacIpocTpaHeHue.

[Mpunanun neicTBUs CHWHTUILISIIHOHHOTO CYETUYNKA COCTOUT B CIIEIYIO-
IEM: 3apsi?KEeHHAsT JaCTHUIA, MPOXOIsi Yepe3 CIUHTULIATOD, TOMUMO HOHU-
3alMM aTOMOB M MOJIEKYJ, BO3Oy»KaaeT ux. BozBpamiasicb B HEBO30YK/IEH-
HOoe (OCHOBHOE) COCTOSIHUE, ATOMBI UCILYCKAIOT (DOTOHBI C IHEPrueli BUAMMOro,
GJIMKHErO yIbTPadHUOIeTOBOro mwin WHMPAKPACHOTO JIUANA30HOB. DTOT Me-
XaHU3M HA3bIBAETCS CHUHTHJLIIUER uim paguostomuHectennueii. ®orousr,
monaaas Ha Karom @Y, BHIOMBAIOT 3JIEKTPOHBI, KOTOPHIE YCUIUBAIOTCS BHYT-
pu ®DY, B pe3yabrare Uero Ha, aHOIAE BO3ZHUKAET IJIEKTPUUECKUI HMITYJIhC,
KOTOPbIH JIOMOJTHUTETHHO YCUIUBAETCS U PETUCTPUPYETCS JIEKTPOHUKOM. [le-
TEKTUPOBAHKUE HEHTPAJIbHBIX YacTull (HEHTPOHOB, Y-KBAHTOB) IIPOUCXOAUT 110
BTOPUYHBIM 3aPsKEHHBbIM 4acTUUAM (JIEKTPOHbL, HO3UTPOHbI, $/[Pa OTAAYM
U OCKOJIKM DACIIEIIEHHBIX 1€D), 00pa3yoIInMCs TIPU B3AUMOICHCTBUN Heli-
TPOHOB ¥ y-KBAHTOB C aTOMAMHU CIIUHTUJLISTOPA.
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Ha Pwuc. 1.1 nokazana cxemMa CIUHTUIIAIIOHHOTO CIETYNKA, PETUCTPUPY-
TOIIEro Y-KBAHTHI.

chokycupyoLnii
CUMHTUNNATOP  hOTOKATOZ,  ANEKTPOA AMHOABI BakyymHas Tpy6a
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Puc. 1.1: Cxema COMHTHIISAIIHOHHOTO CIETINKA.

B kadecTBe COMHTUIIAIMOHHBIX MATEPHAJIOB HCIOIb3YIOTCH PA3IUIHBIE
BEIIECTBA OPraHUYECKHe M HEOPraHW<YeCKue, TBEPIbIE, KHUIKHE, ra3000pas-
HBIE.

B kadgecre pOTOHHOTO JeTEKTOpa Yallle BCErO MPUMEHSIETCS TPAIUINOH-
vl BakyyMHbIH @Y. [l1s1 perucTpaiuu WHTEHCUBHBIX BCIIBIIIEK CBETA U3
KAJIOPUMETPUYECKUX KPUCTAJLIOB MPUMEHSIOTCS TaK>Ke (hOTOAMOIBI U MOJIY-
upoBOAHUKOBbIE JiaBuHHble Goroauost (JID). CyiecrByer rakKe HECKOJIb-
KO ApyTrux THUIIOB CI)OTOHH])IX AETEKTOPOB, NCHOJIB3YIOINXCA B CUUHTUJLJIAIIN-
OHHBIX CHETUYMKAX.

Boicokasi BpeMeHHasi pa3pelaolnias CIOCOOHOCTh IO3BOJISIET HCIOJIB30-
BaTh CIUHTWLIAIAOHHBIE CIETUYMKHM IPU BBICOKUX CKOPOCTSX CYETA W IPO-
BOJUTH M3MEPEHUs KOPOTKUX MHTEPBAJIOB BPEMEHH BILIOTH /10 COTEH IMHKOCEe-
KyH/I. Biaromaps sTomy cBOCTBY CTajiu BO3MOXKHBL IPSIMbIE U3MEPEHUS BPe-
MEHHU YKU3HU KOPOTKOXKUBYIIUX BO30YZKIEHHBIX COCTOSTHUN MOJIEKYJI, aTOMOB
U A7ep, a TaK¥Ke U3MEPEHNs BPEMEHU TPOJIETa, PEISITUBUCTCKUX JACTHII.

CHUHTUITSAIAOHHBIA CIETIYNK MOXKET BBICTYIIATh TAKKE B KAYECTBE CIIEK-
TpoMeTrpa — mpubOopa [Jisi U3MEPEHUs SHEPTHUH, MOCKOJIbKY AMILIATYIA UM-
myJibca Ha Beixoge PV cBsizaHa € BEJIMIUHON SJHEPTUHU, TIOTEPAHHON JaCTUIEH
B CIUHTHWILIATOPE. [lepeunciienHbie CBONCTBA CIIMHTUIIISIIIHOHHBIX T€TEKTOPOB
MTO3BOJIAIOT UCIOIb30BATH UX OYEHDb IMMUPOKO HE TOJHKO B SKCIIEPUMEHTATBHON
dusnKe, HO TAK)Ke B PATUOXUMUH, PATUOOUOIOTHN, T€OJIOTUN, METUITUHE, TIPO-
MBIITIJIEHHOCTH.

Ienwbio HacTOsAIEH PAOOTHI ABJISIETCS O3HAKOMJIEHHE CTYIEHTOB ¢ paboTOit
CUMHTHUIAIAOHHOIO CYETUMKA, & TAK2KE C KUCIOJIb30BAHUEM €r0 B KA4eCTBE
raMMa-CIeKTPOMETPA.

[Ipunanmnsr paboTst GOTOYMHOKUTEIEH, CHUHTUIIISIITHOHHBIX CIETINKOB U
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CIIEKTPOMETPHYECKUX JETEKTOPOB MOJAPOOHO N3JIOXKEHbI B [1, pa3z. 5.1,5.2,7.1]
u[2, 3].

1.1 PoToyMHOKUTEIN

Bakyywmublit pOTO3IEKTPOHHBIN YMHOKUTEIb — 3TO (DOTOHHBIN JTETEKTOD C
MHOIOKPATHBIM YCUJIEHHEM, OCHOBAHHBIM HA SIBJIEHUM BTOPUYIHON SMUCCHH.
CytectByer 60JIbII0E MHOXKECTBO Pa3HbIX TUIIOB @Y, MOKPHIBAIOMIUX HTUPO-
KU CIEKTPAIBHBIN IHATA30H OT JAJIHHETO YIbTPadUOIeTa 10 HH(pPAKPACHO-
T'0 CBETa, OTJIUYAIOIINXCSI MATEPUATIOM (DOTOKATOIA U BXOIHOIO OKHA, BUIOM
YCUJISIOMIEH CTPYKTYPBI (pa3/IMUHbIe KOHMDUIYDAIMH JUHOIOB, CETKU, MUKDO-
KaHaJibl), (POPMOI aHOIA U T.II.

Mbi BKpariie pacCMOTPUM YCTPORCTBO OHOro Buga @Y ¢ mosrymnpo3pad-
HBIM KATOJIOM W JMHOJHON cTpyKTypoit. Ou cocrour u3 dorokaroma, Goky-
CHUDYIOIIErO 3JIEKTPOJA, HECKOJbKUX IMUTTEPHBIX 3JIEKTPOJIOB (IUHOIOB) U
aHOMA, TOMEINEHHBIX B OAJIJIOH C BBICOKHM Bakyymom. POTOKATON HAHECEH
B BHJIE TOHKOI'O MOJIYIPO3PAYHOTO CI0s HA BHYTPEHHIOI CTOPOHY TOPIOBOM
CTeHKHU CTeKJIsTHHOrO bastona @Y. g perucrpanuu CluHTAISIINE B 00J1a-
cru GumKuero ynprpaduosiera pacupocrpatenbl cypbmsHo-uesuesbie (ShCs)
u oumenounsie (SbRbCs, SbKCs) dorokarons:, ajis 1eTeKTUPOBAHUS BUIN-
MOro cBera 6oJibIie moaxoauT Myabruienodnoi (SbNasKCs) dorokaron uam
Oosiee moporue (pOTOKATOABI, BKJIOYAOIINE B CBOW COCTAB apCEHWU. TAJINS
(GaAs). s nosbiinenus ayBerBuresbHoct @Y B 06s1acT GIUKHErO Yilb-
TpaduoeTa BXOJAHOE OKHO MOXKET ObITh CJIEJAHO U3 YBHOJIEBOIO CTEKJIA, WU
kBapra. PoToraTos XapaKTepnu3yercss KBaHTOBOI 3¢ derTuBHOCTHIO (QF) —
BEPOSATHOCTH (DOTOHY BBIOUTH 3JIEKTPOH B pe3ysbrare (oroddderra. Diex-
TPOHBI, BBIJIETEBINHE C (POTOKATONA, HA3BIBAIOT (POTOIIEKTPOHAMH.

Merannuaeckue JUHOABI MOKPHITHI TIEHKON U3 BEINECTBA UMEIOIIEro Ma-
JIyI0O pabOTy BBIXOA, UTO YBETHIUBAET KOIMPPHUIMEHT BTOPUIHON IMUCCHUH.
Koadduupenrom Bropudnoii smuccuu (0) HA3bIBAIOT CPEJHEE KOJMYECTBO
BTOPWYHBIX 3JIEKTPOHOB, BHIONBAEMBIX OJHUM TTEPBUYHBIM JIEKTPOHOM. DTOT
K03 DUIUEHT 3aBUCUAT OT IHEPTUU MEPBUIHOTO IJIEKTPOHA, T.€. OT HAIPS-
JKeHUsT, TPUJIOKEHHOrO MeX Ay auHofgamu. Ero enmndnHa OOBIMHO COCTABIIS-
er ~ 5. JIuHOMHBIE CTPYKTYPbI MOTYT ObITH PA3HBIX THUIIOB, OTIUYAIOIINECS
GOopMOit U PACIIONOKEHUEM JTUHOIOB: KOPBITOOOPA3HbIE, KOPOOUIATHIE, JKAJTIO-
BUNHBIE, CETYATHIE U TIP., & TAKIKE KOMOWHAIMH TEPEUNCIEHHBIX TUTIOB. PV
Ha WX OCHOBE MMEIOT PA3HbIE AMILIUTYIHbIE U BPEMEHHBIE XapPAKTEPUCTUKH,
MTOIXOIAIINE I TOW myn wHOi 3aa4u. Junonase @Y upe3BbdaitHo qyB-
CTBUTEJbHBI KO BHEIITHAM MATHUTHBIM TIOJISM W3-3a OOJIBIITUX PACCTOSHUI, KO-
TOPBIE TPOJIETAIOT FJIEKTPOHBI MEXK/Ty JUHOJAMHU, TAK 9TO JIaxKe cjiaboe moJe
Semiin BjMsieT Ha 1PoOLECC ycujieHusi. Besepcrsue sroro @Y nomewaor B
MAarHUTHBIE SKPAHBI U3 CIIJIABOB C BBICOKOW BEJININHON MATHUTHON MPOHUIIAE-
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mocru. Brupodem HekoTopbie Tunbl DY (¢ MUKPOKAHAIBHBIMY ILJIACTHHAMHE,
MHUKPOCETOYHBIMU JUHOAAMHU) CJIA00 UyBCTBUTEJIbHBI Ia’K€ K CUJIBHBIM Mar-
HuTHBIM 108M (~ 1 Ti) ¢ manpasienuem Bom3u ocu OIY.

B @Y 3,1ekTpoHbI yCKOPSIOTCs U POKYCUPYIOTCS € ITOMOLIBIO 3JIEKTPOCTA~
THYECKOTO TOJIsI, OTPEeesisieMoro KoHbUrypaIeii 31eKTPOI0B U pacipeiesie-
HUEM TIOTEHIIMAJIOB Ha HuX. [lJIs momadn HAMpsSKeHns Ha 3JIEKTPOIbI UCIIOJIb-
3yercs Je/UTelb, COCTOsAIui u3 omudeckux conporusienuii (cm. Puc. 1.1). K
KOHIIAM JIEJIUTEJIs IPUJIOKEHO BbICOKOe Hanpsikenue Uy. YckopeHubie (oTo-
SJEKTPOHBI YIAPAIOTCS O IEPBbIA JUHOM, U [IPOUCXOJUT BTOPUIHAS IMUCCHS.
OJIEKTPOHBI, BHIOUTHIE U3 MEPBOTO IUHOIA, YCKOPSIOTCS B CAEAYIOIMIEM MEXK-
9JIEKTPOIHOM TIPOMEXKYTKE M, TO0Ma/1as Ha BTOPON JAMHO/I, BHI3BIBAIOT B CBOIO
odepesib BTOPUYHYIO SMUCCHIO ¢ Hero U T.J. Takum 06pazoM, 9ucio 371eKTpo-
HOB OT IMHOJA K JUHOY JIABUHOOOPA3HO HAPACTAET. DJIEKTPOHBI C TIOCIEHErO
JIIHO/IA, cCODMPAIOTCA HA aHoAe PoToyMHOKHUTE . Ecin npuHaTh Koaddurm-
€HT BTOPWUYHON SMWCCUH OJWHAKOBBIM [IJIsT BCEX 71 IWHOMIOB, KO3bdHImeHT
ycunenust ymHOXKuTe s (G) MOXKHO 3aIicarh Kak

G=0o",

DY rakke WMeeT OTIMYHYIO OT eauHUIbl 3hPEKTUBHOCTL cHopa dho-
TO3JIEKTPOHOB Ha 1epBbiil AuHox (€¢). OHA 10 CYyTH yMEHbIIAeT KBAHTOBYIO
apderTuHOCTH DIY.

Cpeanaa ammmTyna #Ha anoge OOY IpH perucTpaliuy BCOLIIKEA 3 Ny
GOTOHOB MOXKET OBITH OMUCAHA, BHIPAYKEHUEM:

A=Ny-n-ec-G. (1.1)

C TouYKM 3peHus CHEKTPOMETPUIECKUX MPUJIOKEHWI BaXKHA JIMHEHHOCTH
aMILIUTY/Ibl HA BbixoJe @Y B /Manla30He MU3MEPSEMbIX CBETOBbBIX IIOTOKOB.
B cayuae, korma mMmmyabCchl TOKA HA Bbixoge POV HOCTATOYHO BEJIWKH, JIU-
HEHHOCTh MOXKET HAPYIIATHCA 33 CYET MCKAYKEHUS TIOJIsT TPOCTPAHCTBEHHBIM
3apsiI0M B O0JIACTH AHOA ¥ TIOCIEIHUX JUHOIOB, & TAKAKE 38 CIET U3MEHEHUSsI
MOTEHIIUAJIOB HTUX MeKTPoAoB. Oba dakTopa BHIZLIBAIOT 1eDOKYCUPOBKY U
TeM CaMbIM HAPYIIAOT JIMHEHHOCTb. [locTOsiHCTBA MOTEHIMAIOB [TOCJIEIHUX
JIMHOIOB BO BPEMsI MPOXOXKIEHUS JJIEKTPOHHON JIABUHBI JIerde JOOUTHCS TIy-
TeM IITyHTHPOBAHUS COTPOTUB/IEHUS IEIUTEIIsT HEOOIBIIIMME KOHIEHCATOPAMH.
s Toro, 9TOOBI M3MEHEeHNE TTOTEHITNA/IA aHOAA HE TPUBOAMIO K AedOKyCH-
POBKe, HEOOXOIMMO, 9TOOBI UMITYJIbChI HA BhIXOAe PDY ObLIN 3HAYUTETHHO
MEHBIIIE TI0 AMILJIUTY/IE, Y€M PA3HOCTD MOTEHIIUAJIOB MEXK/Iy AHOIOM U IOCJIE/I-
HUM JHHOIOM. JTO JOCTUTAETCS BHIOOPOM BEJIUYNHBI HATPY30THOTO COMPOTUB-
JIEHUsT AHOMA, YBEIUIEHUEM DPASHOCTHU TOTEHIMAIOB MEXKIY TOCIEIHUMUA [TH-
HOJIAMHU U OCOOEHHO MEXKy aHOIOM W IpeabIayIuM auaomoMm. Eciu k @Y
peIbABIIseTCsS TPeOOBAHWE JMHEHHOCTH B MIMPOKOM JIHAINA30HE WHTEHCUB-
HOCTHU CBETOBBIX BCIBIIIEK, TO 3TO HAKJ/IAJAbIBAET OIDAHUYEHUE HA BEJIUYUHY
KO3 durmenTa ycuieHus.
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O3V nake IPU OTCYTCTBUU BHEIIHENH 3aCBETKU BBHIJTAIOT HEOOJIBINNE WM-
MyJbChI HA aHOJE, KOTOPHIE HA3BIBAIOT TEMHOBBIMHU IIIyMAMHU WU TEMHOBBIM
TOKOM. DTH UMILYJIbChl BbI3BIBAIOTCS BbLIETOM €JIMHUYHBIX SJIEKTPOHOB IIPU
TEPMOJIEKTPOHHON 3MUCCUU C TOBEPXHOCTU (DOTOKATOIA U [EPBBIX JUHOJOB.
YacToTa TaKUX MIYMOBBIX UMITYJIbCOB HE 3aBUCUT OT HANPSIYKEHWS TTUTAHUS, a
oTipe/iesisieTcst TeMiepaTypoit horokarona n nuHoa0B. OHAKO HADSIY C yKa-
3aHHBIME TyMaMu B GosbimuHcTBe @Y MPU BBICOKOM HAMPSIYKEHUH TTHTAHWS
u 60/bIIIOM KO3 PHUITHEHTE YCHTeHIS HAOII0IAeTCs MOABIEHNE TOMOTHATETh-
HBIX IIIyMOB, MHTEHCUBHOCTH KOTOPbBIX PE3KO BO3PACTAET IPHU JaJIbHEHIIEeM
TTOBBIMIIEHNY HAMPsXKeHUsi. VICTOUHUKAMY STUX JOMOJTHUTEIBHBIX TITYMOB MO-
JKeT OBITh ABTOIJIEKTPOHHAS IMUCCHS, & TAKIKE ABJICHUE ONTUIECKON 1 HOHHON
0OpaTHOM CBA3M.

Tak Kak aMILTUTY/Ia UMITYJICOB CO CIUHTUIIATOPA HAMHOTO TIPEBBIIIAET
AMILIATY/LYy IIyMOB, TO IIOJE€3HbIE UMITYJIbChI MOXKHO BBIIEIUTH C IIOMOIIBHIO
JUCKPUMIHATOPA, BHIOPAB HA HEM COOTBETCTBYIOIIWI MOPOT MO AMILIATYIE.

1.2 CrouHTULIISTOPBI

OcHoBHBIMU XaPAKTEPUCTUKAMA CHUHTUJJIATOPOB ABJIAOTCA KOHBEPCHUOHHAA
S(b(beKTI/IBHOCTb, CTIEKTD U3JIYYEeHUA U BpEMdA BHICBEYUBAHUA.

KonBepcuonnas sddexkruBHocTs xapakrepusyer 3bMOEKTUBHOCTD Tpe-
obpa30oBaHus CIUHTU/LIATOPOM SHEPTUU 3aPSKEHHONW YACTHUIIHI B CBETOBYIO.

KomuuecTBo cBera, ncmyckaemoe CIMHTUIISTOPOM, XaPAKTEPU3YETCS CBE-
TOBBIM BBIXOZI0M. CBETOBOI BBIXO/, — 9TO OTHOIIEHUE SHEPTUU CPETHETO YUCTA
(GHOTOHOB JTIOMHUHECIIEHITUN K YHEPIUH, TOTEPIHHON MOHUBYIOMEH IacTureil B
CIIMHTHJIJISITOPE.

Konsepcuonnas 3pHeKTUBHOCTH 3aBUCUT OT THTIA ¥ KAIECTBA CIIMHTUIIIISI-
TOPA; [7Tst OOBIYHO MPUMEHSIEMBIX CIIUHTUJLIATOPOB OHA JIEXKUT B JUAMA30HE OT
JI0JIefl IPOIEHTA 10 HECKOJIBKUX JECSTKOB MPOIEHTOB. B peasbHbIX CIIUMHTHII-
JIATOpax KOHBEPCHOHHAS 3(PDEKTUBHOCTD 3aBUCUT OT ILJIOTHOCTH MOHU3AINH,
MIPUYEM OHA, YMEHBIAETCs ¢ POCTOM TJIOTHOCTH HoHm3anuu. [losromy Memien-
HbIE YACTUIIBI U YACTHUIIHI C KPATHBIM 3aPSAIOM JAIOT MEHbBIIHII CBETOBON BbI-
X071, 9eM OBICTPBIE OHO3APSAIHBIE YaCTUIII. 1 OPraHnIecKuX MIaCcTUKOBBIX
CIIMHTUIIATOPOB 3TOT ekt Oosiee BhIpaXKeH, 9eM [IJi KPUCTATLIHIECKIX
CIMHTUJIJISITOPOB.

B kauecrse srasona dacro ucnosb3yor cuunruiiisrop Nal(Tl), koropsbiii
MMeeT BBICOKHII cBeToBbIXO ~ 4-10% dpoToHOB /M>5B. CBeTOBBIXO OCTATBHBIX
CIMHTUIJISTOPOB IIPUBO/AT MO OTHOIIEHUIO K 9TOMY 3HAYEHUIO.

OTKIIUK COUHTAISAIMOHHOIO CYTINKA XaPAKTEPU3YIOT KOTHIECTBOM (ho-
TO3JIEKTPOHOB, 3aperucTpupoBaHHbix DY, HA eAMHUILY OTTIOMIEHHON B CITUH-
THJLISITOPE SHEPIUU. DTy BEIUYMHY HA3BIBAIOT IPAKTUYECKON 3PDEKTUBHO-
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crbio. OHA MOXKET OBITh BBIPAXKEHA YEPE3 CBETOBBIXOJ CIMHTHUJIIATOPA, KO-
sddurment cserocbopa L n kBaHTOBYIO 3 deKTuBHOCTH 7) HOTOMETEKTOPA
KakK

Npe./MsB = L-n-N,/MsB. (1.2)

L 3aBucuT OT MPO3PAYHOCTH CIIUHTUILIATOPA K COOCTBEHHOMY U3JIyY€HUIO,
dopMbI U pa3Mepa COMHTUJLISTOPA W CBETOBOJOB, KAYECTBA MMOBEPXHOCTU W
OTPAXKATOIIEro MOKPLITHs. [IPO3pavHOCTD CHMHTUIIIATOPA OMPEIEIIeTCs KOH-
MeHTpaIueil AKTUBUPYIOMNX IpuMeceil u 1edeKTOB KPUCTAIINIECKOI pereT-
KW (B KPUCTAIINIECKUX CIHHTHIIATOPAX ).

Jist MakCHMaJIbHOM MPaKTHIECKON 3P (DEKTUBHOCTH CUETUNKA, HEOOXOTH-
MO, 4TOOBI MAKCUMYM CIIEKTPA, U3JIy9E€HUs CIUHTUILIATOPA, COBIAJAJ C MaK-
CHMYMOM CITEKTPa KBAHTOBOI 3(pPeKTuBHOCTH (POTOIETEKTOPA.

Bpems BbIcBeUMBaHUS XapaKTePHU3YeT MPOJAOIKUTEIHLHOCTH CBETOBOM BCIIBIIII-
K CipHTHILISATOPA. OOBIMHO BpeMeHHAs! 3aBUCKMOCTD CBETOBBIXO/A OIUCHIBA-
€TCsT HKCTIOHEHITNATHLHBIM 3aKOHOM:

I(t) = Iy exp(—t/T),

TJe T — BpeMs BBICBEUWBAHUS, B T€UeHWEe KOTOPOTO WHTEHCUBHOCTDH MAJA€T B
e pa3.

1.2.1 Heopraumvieckne CIUHTUAIIATOPHI

st perucTpanyum y-KBAHTOB OOBIYHO NPUMEHSIOT TAKEIbIE HEOPTAHUIECKHE
KPucCTaJljibl, HAIPUMED TaJIOTE€HUAbI IIEJIOYHbIX METAJIJIOB, 9aCTO C aKTUBUPY-
romu ipumecsivn: Nal(T1), CsI(T1), CsI(Na), Lil(Eu) u T.1. Hekoropsie He
HIeJI0UHbIe KpucTa/uibl BKwdaior: BaFs, ZnS(Ag), BGO, PWO, GSO(Ce),
LSO(Ce), LaBrs(Ce) u .1 COMHTHIIATOPHI U3 HEOPraHUYECKUX KPHUCTAJI-
JIOB XapaKTEPHU3yIOTCsA, KAK MPABUJIO, BBICOKOI IJIOTHOCTBHIO BEmecTBa u 60/1b-
M ATOMHBIM HOMEPOM, 9TO CIocoOCcTBYeT 3(h(PEKTUBHOMY MOIJIOMIEHHIO Y-
KBAHTOB Ha HEOOJIBINON TOJIMHE KPUCTAJLIA. TakiKe TAKEIble HeOpraHude-
CKHe KPUCTAJLIBL IIPUMEHAIOTCS [IJIF PErUCTPALUY 3JIEKTPOHOB (IIO3UTPOHOB)
BBICOKO}i Hepruu. Bpems BbICBeYMBaHUSA Jjisi HEOPraHUYECKUX KPUCTAJIIIOB
BapbUPYETCS OT COTEH HAHOCEKYH/I JI0 €IMHUI, MUKPOCEKYH]T, 38 HEKOTOPBIMH
HUCKJIIOYEHUSAMH, /718 KOTOPBIX OHO cocTasiiger 1-10 HC.

Mexanu3m CHMHTHIIAINA HEOPTAHUIECKUX KPUCTAJLIOB MOXKET ObITh MO~
HAT C MOMOIIBIO 30HHON Teopun. Kak u3BeCcTHO B KpUCTA/IAX, B PE3YJIbTATE
B3aMMO/IEHCTBYS aTOMOB SHEPreTUIECKUE YPOBHU HJIEKTPOHOB OObEAUHAIOTCS
B HENPEPBIBHBIE 30HBI U JJEKTPOHBI MOIYIAIOT BO3MOXKHOCTD ITE€PEMEIIATHCS
BJIOJIb KPHACTAJJIMYECKOI pemerkn He MeHss cBoeil snepruu. Camas BepxHsis
1oJIHOCTBIO 3aoiunentas 3oHa (upu T=0 K) nasbiBaercs BajsenTHoil 30HOI,
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a cremymoomas 3a Heil 30Ha 300N npopomuMoctd (Puc. 1.2). Cunatunnm-
DPYIOIHEe KPUCTANIBI ABJISIOTCH IUIJIEKTPUKAMY, [IJIs KOTOPBIX 30HA MPOBO-
AWMOCTH OTAeJIeHa OT BAJIEHTHON 30HBI TpoMesxkyTkoM > 3 3B, kotopwiil na-
3BIBAETCA 3ampeleHHol 30H0i. TIpuMecn 1 AedeKTH PEmeTKH MPUBOIAT K
00pa30BaHNIO JIOKAJILHBIX IHEPreTHYeCKuX ypoBHell B 3anpelieHnol 3one. Ile-
PEXOJI 3TEKTPOHA W3 BAJEHTHOM 30HBI HA 60JIee BBICOKHUI YPOBEHD TIPUBOIUAT K
00pA30BAHUIO JBIPKU — KBA3ZUYACTUIIBI, UMEIOIIEH TIOJOKATEIBHBIH 3apsn. B
HCROTOPHIX CIYUasx BOZMOKHO 0OPA30BAHNC CRABAHHOTO COCTOSHWS 3JICKTPO-
Ha W ABIPKU, T.H. JKCUMONA. JTa KRA3WIacTia, mojobHast aroMy BOI0OPOA,
HO ¢ MaJoii sueprueii cesazu (0.01 1 3B) Takke cBOGOIHO MOXKET NEepeIBU-
raThCs B KPUCTAILIE, TIEPEHOCS TIPA ITOM IHEPIUI0, HO HE 3apsijl.

SHETROY 30Ha NPOBOANMOCTY

® 30Ha 3KCUTOHOB

AKCUTOH

JHeprusa

aKuenTopHble YPOBHU

O BaneHTHasa 30Ha

O,qupKa

Puc. 1.2: Cxema 3nepreTnyecknx 300 B KPUCTAILIE.

HNonusupyromas JacTrulia MepeBoInuT JIeKTPOHBI U3 BAJEHTHOH 30HBI B 30-
Hy TTPOBOJUMOCTHU WJINW CO3Ja€T IKCUTOHHI. Z[anee BO3MOXKHA peKOM6WHaHW§T
3JIEKTPOHA U JBIPKU C U3JIyYEHNEM YIbTPaADHOIeTOBOrO (hOTOHA, HO 3TO CPaB-
HUATENBHO PEIKUI TPOLECC U K TOMY YK€ 3TH (POTOHBI XOPOIIO TOTJIOIIAIOTCSI
CaAMUM BEIIECTBOM. Taxkxke IMNEKTPOH U3 30HBI IIPOBOJUMOCTH WITH OT pacliala
3KCHTOHA IIPU CTOJJKHOBEHHWEM C aKTUBAIITHMOHHBIM IIEHTPOM MOXKET HepeﬁTH Ha
OJINH W3 aKILCMTOPHBIX YPORHCH. 3aTCM BO3ZMOMKCH TMCPEXOJL 3TOTO 3JICKTPOHA
B BAJIEHTHYIO 301y (pekoMOWnanms ¢ Anpkoii) ¢ nanyuennem (poToRa cpap-
HATEJIBLHO OOJNBINOH IAWHBI BOJHBI, JJs KOTOPOI IOIJOIIEHHE B KPHCTAJLIE
crnaboe. Takske BO3IMOMKEH GE3LIZNYYATENLHBIA TIEPEXOI, B PEIYNTHTATE KOTO-
POro 3Heprus nepeaercs ATOMAM PEIeTKU B Buje e€ koneGanuii ((hOHOHOB).
Takum 0OpazoM, YacTh SHEPrUH HOHUIUPYIOMIEH YACTHIIBI, TOTJIOMEHHON B
KpUCTAILIIE, BHICBOOOXKIAETCS B BUIE JIOMUHECIEHTHOTO W3JIyYeHN, KOTOPOe
MO3KeT ObITH 3apPEeruCTPUPOBAHO ¢ MTOMOIIBIO (POTOIETEKTOPA.
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B rabmaure 1.1 npuseersbl mapaMeTpbl HEKOTOPBIX HEOPTAHUYECKUX CITUH-
TUJLIATOPOB.

Tabmuna 1.1: XapakTepucTHKH HEKOTOPBIX HEOPTAHWYIECKHX
CUUHTHILIAMOHHBIX KPUCTAILIOB [4].

Cuparuiasarop I[lmoraocTs, CBeToBBIXOA®,  Apax, Bpems
r/em? % HM  BbICBEUYMBAHUS, HC

Nal(TI) 3.67 100 410 230
CsI(TD) 4.51 165 560 1300
BGO? 7.13 21 480 300
BaFy 4.89 36° 300° 630°

3.4/ 220/ 0.9/
LSO(Ce)© 7.40 83 402 40
LaBr3(Ce) 5.29 130 356 20

@ Cserosbixoz, orHocuresbuo Nal(Tl), usmepennsiii miist Kpu-
crajuioB Kybudeckoit ¢dpopmbl ¢ pa3mepoMm 1.5 paj. [UIMHBL,
O0BGEPHYTHIX CBETOOTPAYKAIOIINM TOKphITHEM Tyvex u OmxHOMN
CPAHBIO COeMHEHHBIX ¢ DIY.

b BiyGe30,2, repmanar BHCMYTA.

¢ LuySiO5(Ce), oprocunukar Jjorenus ¢ npumecsio Ce.

%] memyienHast u ObICTpasi KOMIIOHEHTA, COOTBETCTBEHHO.

1.2.2 OpraHndeckue COUHTUIIATODHI

Opranuveckue CUMHTUILISTOPbI UMEIOT MaJiblii aromublii HoMep (Zc = 6,
Zy = 1), mebonpyto mIoTHocTb (0Koa0 1 r/cM?) u, ciegoBaTebHo, He6OTb-
11y10 3 HEKTUBHOCTH TOTJIOIEHHS Y-KBAHTOB. OHM MPUMEHSTIOTCS, KAaK TPa-
BWJIO, JIJIsI PETUCTPAITNY 3aPsi?KeHHBIX JacTull. CBeTOBBIXO/] COCTABJISIET 110 TT0-
panky seauunnbt 107 boronos/MsB. Bpemena BbicBeunBaHUs OPraHUYECKUX
CIMHTAJJISTOPOB HAXOAATCA B HAHOCEKYHHOM /IMAIA30HE, T.€. MEHbIIE, YeM
y HEOPraHUYECKHUX KPHUCTAJIIIOB.

Oprannyeckue CITHTAIIATOPHI MOTYT OBIThH MOAPA3IAETEHBI Ha TPH THPO-
KUX KJlacca: KPUCTAJLIIBI, TJIACTUKN U Kujakoctu. Hawmbosee apdekTnBHBIMI
SIBJISIIOTCST CIIMHTHILIISITOPBI COJIEPZKAIINE APOMATHYIECKNE COe/TMHEHMNS.

Kpucrannsl, Takne Kak aHTparieH, CTUIbOEH W HA(PTATINH OY€Hb MPOYIHBI
¥ UMEIOT [OBOJIbHO BBICOKHI CBETOBBIXOZ, HO UX JIIOMHUHECIIEHTHOE U3JIyde-
HUA€ aHU30TPOIIHO, YTO yXYAIIAET B OLPEIEIEHHBIX CUTYALUAX dHEPrerude-
cKoe pazperiervie. TpyaHOCTH CBsI3aHHBIE ¢ OOPAOOTKOI MaTeprasaa M HEBO3-
MOKHOCTb TTOJIy YeHUsT KPUCTAJLIOB OOJIBIITIOr0 pa3Mepa 00YCIOBUIIN UX PEJIKOE
HCIIO/Ib30BaHue B (DU3MKE BHICOKUX IHEPIHUIA.
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ZKuakue COMHTUIIATOPHI MPEICTABISIOT CODOM KUMKW pacTBOP OTHOTO
UM HeCKOJIbKUX (urroopecuupyomux semiects (p-repdenu, (b-)PBD, PPO u
ZIp.) B OPIraHUYeCKOM pacrTBopuTedie (TOJLy0I1, KCHII0J1, GEH30I1, IeKAIMH U T.I1.).
Takke B pacTBOPUTEH MOTYT ObITH JOOABIEHBI CIMIEKTPOCMEIIAIONINE TOOABKH
(POPOP, bis-MSB, BBQ u ap.) mjis JIydmiero CorJiaCoBaHus W3JIy9IeHus: CO
CIEKTPAJIHLHON TyBCTBUTEIBHOCTHIO (DOTOAETEKTOPA.

[Tnacruyeckue CHMHTHILISTOPHI HCIONB3YIOTCA Hambosee mmporo. OHu
TaK>Ke IPEJICTABISIOT CODOH pacTBOP (PIIOOPECIIEHTHBIX JT00ABOK, KOTOPBIi
nocJie noJiuMepusanuu obpasyer TBepzoe BerecTso. B kadecTBe moamMepHoi
OCHOBBI 9allle BCEro UCIOb3yI0T nousuauaTonyos (IIBT) wiu nonmuctupost.
[InacTuvueckue CHUHTUIISTOPHI TPOU3BOAATCA B OOJIBITAX O0bEMAX, MOTYT
WMETH IPOU3BOIBHYI0 (POPMY, JIETKO MOAIAIOTCSI MEXAHUIECKON 00paboTKe.

B opranngeckux CHMHTHILISTOPAX OTIEIbHBIE MOJEKYJbI CJIab0 B3AUMO-
JEHCTBYIOT JIPYT C JIPYTOM, T.€. SHEPreTHYeCKHe YPOBHU OTAEJIbHBIX MOJIe-
KyJI TPAKTUYECKU HE BO3MYIIEHBI TIPUCYTCTBUEM COCEIHUX MOJEKya. [1oaTo-
My MOYKHO CYUTATh, UTO XAPAKTEDP B3AUMOIEHCTBUS 3aPSKEHHBIX FACTHUIL C
BEIIECTBOM OPTAHWYECKOTO CIMHTHUJLIATOPA HE 3aBUCUT OT €r0 arperaTHoro
COCTOSIHWSI W CBOJIUTCS K HOHU3AMWKA U BO3OYXKJIECHUIO OTJIETHHBIX MOJIEKYIT
HEMOCPEICTBEHHO 3apsKEeHHON wacTureit. MexaHu3M CIUHTHLIAIANA B Op-
PAHUYECKUX MaTepHasiaX MOXKHO OIMCATH KAK IOCJIE0BATEIbHAs IIepeIada
SHEPTUHU BO3OYKIEHUS OT MOJIEKYJT OCHOBBI K TEPBUYHBIM IIEHTPAM (DIyOpec-
[IEHIIUU U 3aTE€M K MOCJIEIYIONIUM C TIOCTENEHHBIM TOHUKEHNEM SHEPTUU U3JLY-
gaeMbrx hoToHOE. IIpraeM mpu 10CTATOMHO GOMBINO KoHIeHTparan (> 1%)
MEPBUIHBIX (PIIOOPECIUPYIONMNX T00ABOK mepesada BO3OYKICHHS OT MOJIe-
KyJI OCHOBBI IIPOUCXOAUT 0e3 u3iiydenus (POTOHA IIOCPEICTBOM PE3OHAHCHOIO
JIVTIO b~ TUTTOJIFHOTO B3AUMOIEHCTBUS IBYX MOJIEKYJI. DTO 3HAYUTEIHHO YCKO-
pseT TMPOIECC MU3JIyYeHNS W YBEJIMINBAECT CBETOBBIXOI OCHOBBI CIIMHTUJLISATO-
pa. CuekTp m3nydenusi (DIIIOOPECIIEHTHOIO IIEHTPA CMEIIEH B JJIMHHOBOJIHO-
BYy10 06J1aCTb OTHOCHUTEJIbHO ero crekTpa noromenus (CTOKCOBCKuil capur),
Ty TJe OCHOBA CIMHTHILIATOPA OoJiee mpo3padHa Jjis udiaydenus. JlonoaHu-
TeJIbHbIE TTPUMECH C MEHBINEH KOHIEHTPAINEeH CIyKAT JJIsT CMEIEHWsT CIIeK-
Tpa U3JIyUYeHus B eIle 0oJiee JJINHHOBOTHOBYIO 00JIACTD, MJIsi KOTOPOI [IJIMHA,
oc/1abJIeHUsT CBETA B CIUHTHUILIATOPE COCTABJISET TOPSIKA METPOB, U rae (Hho-
TOJETEKTOP UMEET JIydIyi0 CHEKTPATBHYI0 IyBCTBUTEILHOCTD.

1.2.3 /Ipyrue Buabl CHUHTUJLJIATOPOB

lazoBbIe CHUHTUIIISTOPHI MTPUMEHSIIOTCS TJIABHBIM 00PA30M JIJIsi PETUCTPAINN
CUJIBHO MOHU3YIOMMX KOPOTKONPOOEXKHBIX YaCTHIL (OCKOJIKOB JEIEHUs SIEP).
B kauecTBe ra30BbIX CIMHTUJIISTOPOB UCIO/Ib3YIOTCS B OCHOBHOM YHCTHIE OJ1a-
ropoJHbIe ras3bl (resiuii, aprol, KPUITOH, KCEHOH) M UX CMeCH. Bpemsi BbiCBe-
uyupanusa ~ 1078 cex u 3aBucutr or mapienns raza. JJIMHBI BOIH H3J1y4aeMO-
IO CBETa JIeXKAT B 00JIaCTU HAJIEKOro yiabrpaduosera. TakxKe CpaBHATEIHLHO

9
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HEJIABHO OOHAPY?KEHO JIOBOJILHO MHTEHCUBHOE M3JIydYeHNe B aprOoHe U KCEHOHe
B OmmkHEM THPPAKPACHOM IUAIA30HE, KOTOPOE MOXKET OBITH 3aPeruCTPUPO-
Bano ¢ nomoupio DAY ¢ dorokaronom uz GaAs, InP/InGaAsP u nosyupo-
BOAHHUKOBBIX (POTOmeTeKTOPOB. CHMHTHILIAIIMU TPOUCXOAAT U B »KUIKON daze
9TUX BELIECTB TPU KPUOTEHHBIX TEMIEPATypPax, HO CPABHUTEIHLHO MEHBITEH
MHTEHCUBHOCTH. JTO MO3BOJISIET CO3/1ATh, HAIPUMED, KAJJOPUMETD HA OCHOBE
JKUJKOTO aproHa, ¢ OMTUYECKUM M3MEPEHUEM IHEPTOBbIIETCHUS.

1.3 CuyHTWLIAIMOHHBIN CYETYMK KaK raMMa-
CIIEKTPOMETP

Famma-cnekrpomerp — 310 npubOp, U3MEpAONUil Hepruio y-KBauTtoB. OH
COCTOUT U3 JIETEKTOPA Y-KBAHTOB, B HAIIIEM CJIy4ae CIUHTHILISIHOHHOIO C48T-
YUK, JIMHEWHOTO YCUIUTEIS U AMILIUTY/IHOTO AHAIN3aTOPA UMITYJIHCOB. B Ka-
9eCTBe TOCIETHEr0 MOXKET BBICTYNATh 3aPSI0BO-IIHN(POBON WM AMIUTYIHO-
uudposoit npeobpazosaresb (31T uau AIIIL), cauThbIBaEMbIi KOMIBIOTEPOM.

lamMma-ciekTpoMeTp J0MKeH UMETh JOCTATOTHO OOMBIITYI0 3P HEKTUBHOCTD
[IOJIHOTO MOIJIOIIEHUS SHEPIUU Y-KBAHTA, U XOPOIIEe IHEPreTUIECKoe paspe-
merne. B CIUHTUILIAIMOHHBIX CIEKTPOMETPAX MPUMEHSIOT HEOPTAHWYECKUE
KPUCTAJIIBI BHICOKOH TIJIOTHOCTH U C OOJIBIITUM aTOMHBIM HOMEPOM 3JIEMEHTOB,
BXO/ISAIIAX B UX COCTAB.

1.3.1 3DddexTUBHOCTH, TaMMa-COEKTPOMETPA

~-KBAHTBI TEPSIOT JHEPIUIO B BEIECTBE MOCPEJICTBOM KOMIITOHOBCKOT'O PAC-
cessHUsT HA 3JTEeKTPOoHAX man (orodadderra Ha aroMax, B pe3yabrare KOTO-
PBIX 00pa3yeTCs HEPTUUHBIN JIEKTPOH, WU, TTPU IHEPTUU ~y-KBAHTA 0OJIH-
me 2mqc® = 1.02M3B (m, — Macca 37eKTpoHa) TMOCPEeJICTBOM DOKIEHUSA
9JIeKTPOH-IO3UTPOHHBIX Tap B moJie sijpa. OcrajabHble IPOIEecchl TOPa3io Me-
Hee BeposaTHBL. [Ipu mMasbix sHeprusx dorona (corHu k3B u menbiie) nomu-
aupyer HoToddhdexT, cedenne KOTOporo OBICTPO BO3PACTALT C YMEHbIIEHHEM
SHEPruu BIUIOTH JIO dHEPruil nonudaiuu obosodek aroma. Cedenue Horosd-
bexra ocobenno Benmko Jys BHyTpenueii K-o6onouku aroma (~ 80% or ce-
YEeHHUs Ha BCEM aTOMeE) U3-3a OJIM30CTHU K 7Py, KOTOPOE MPUHUMAET UMILYJILC
OT/Ia9U TIPU TIOTJIOIMEHUH (HOTOHA.

Ceuenne poroadderra s K-060109KkHn B HEPEISATUBHCTCKOM OOPHOB-
ckoM npubmuzkennn upu [x < E, < mec® naercs Gpopmyioii:

7
1\ 2
J(If)a =42 (€> AL

E _
rje € = —Ly,a0p = 8772 /3 = 6.65 - 10~25cm? — ToMCOHOBCKOE CedeHue.

10
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B pensituBucTCKOM TIpesiesie E7 > mGCQ, CeYeHue uMeeT BUJI
o = dmnr?zd 41
b> ¢ €

Ceuenue 111s BCEro aroma siBjisiercs dosiee cyioxkHoi dyukiueir Z. [Ipu suep-
ruax 0.1MsB < E, < 5MsB nokasarenb creneHn Z MeHAeTCa Mexkay 4 u
5.

DyeKTpOH, 0bpa3oBaBiIniics B pe3ynbrare ¢porodddexra mpuodperaer suep-
TUIO, PABHYIO SHEPTUU Y-KBAHTA 33 BBIUYETOM SHEPIUU HOHU3AIMUU U HEDOIb-
IOl SHEPIUU OTAAYU s/pa. B pe3yiabrare 3amoTHEHUs BAKAHCUU HA BHYT-
peHHedl 000J109Ke, OTKY/1a ObLT BBIOUT 3JEKTPOH, BOBHUKAET XAPAKTEPHUCTHU-
YECKOe PEHTTEHOBCKOE M3JIyYeHWe WJIM DMUCCHUS O¥Ke-3JIeKTPOHOB. XapaKTe-
PHUCTHUYECKOE PEHTTEHOBCKOE M3JIyUYeHNe UMeeT HeDOJbITyIo dHepruo (28 k3B
s K-usnydenus #oza) 1 B OCHOBHOM IIOIVIOIIAETCs] BHYTPHU JETEKTOPA, KaK
7 OXKe-3JIeKTPOHBI. B pe3ysibraTe MOTHOrO MOTJIONIEHUS SHEPTHH ~Y-KBAHTA B
9yBCTBUTE/IHHON 00JIACTH TaMMa-CIIEKTPOMETPA B CIEKTPE €ro aMILTUTY, O-
SIBJISIETCSI TIWK, HA3BIBAEMBIH (OMONUKOM UIIA NUKOM TONHO20 TO2AOULEHUS.

B ciaydae BhIeTa XapaKTEPUCTUYECKOTO M3JIYUEHUS 32 MPEIETIbI JeTEKTO-
Pa BO3HUKAET JOMOJIHUTEIbHBI MAKCUMYM, U3BECTHBIN KaK Nnuk eviaema. 1lpn
SHEPIUHU MCXOTHOTO Y-KBaHTa 6osee ~ 100 k3B 3T0T MUK B CHMHTUIIAIUOH-
HOM TaMMa-CIIEKTPOMETPE He PA3PEIACTCA U ITU COOBITHSA MPUBOIAT IIPOCTO
K HEKOTOPOH aCHMMETPHUHU ITUKA IIOJHOIO ITOTJIONIEHNUS.

B pesynbrare KOMITOHOBCKOTO PACCESHUS SJIEKTPOHAM TIEPEIAETCS TOJIBKO
9aCTh dHEPIHUH.

E
B, = —
v 1+¢e(1—cosf)
E. = E,-E.,

roe B, E; — SHEPTHH Y-KBAHTOB JI0 U MOCTE paccesanus, F, — SHEPrus JIeK-
TpOHA, § — yroJ paccesiHus y-KBaHTa. MakcuMasibHast SHEPrUust, KOTOPast B pe-
3yJIbTATE KOMITOHOBCKOT'O PACCESHUS MOKET OBITh TIepeIaHa 3JIeKTPOHy (Ipu
6 = 1807),
Emax — 2E$
€ mec? + 2E.,

TTomroe cevenne Komnron-a¢d dpekra Ha smekTpone maercsa popmyoit Kireiina-
Hurmmmas:

14 3e
(1+2e)2|°

e _ 2
Oky = 2771,

1+e /2(1+¢) 1 1
— ——-In(1+2 — In(1+ 2¢) —
{52 (1—1—25 sn( +6)>+25 n(l+2¢)

ITormHOE cevenne Ha aTrome OOMbINe B Z Pa3, MPOMNOPIHOHATLHO 9HCITY JIEK-
TPOHOB B aTOMe, T.€.

aT __ e
Oky = ZL0xs-

11
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ITpu Gonpmmx suepruax cegenne KoMmnron-addekTa cnamzaer Kak Oy X lnTE

Tak xax Komnron-addekT npuBoanuT JUIMIL K YACTUIHON OTEpe SHEPTUN
~-KBaHTa, a Ipu Majibx F. paccesmue Boobme mouru yupyroe (Pameeckoe
PAaCCestHUE), TO BBOAAT HEYIIPYTOE KOMITOHOBCKOE CEYEHUE KAK JIOJII0 OT MOJI-
HOTO:

B merexropax mocTaTodHO OOIBITOrO 00bEMa 9aCTh PACCETHHBIX Y-KBAHTOB
MOZKET UCIBITATH €Il OIHO WU HECKOJIBKO HEeYTIPYTUuX B3auMOIEeHCTBHiL, B pe-
3yJIbTaTe KOTOPBIX BCA SHEPTHs MOMABIIErO B I€TEKTOD MEPBUIHOIO Y-KBAHTA
Oyser nosiHOCTHIO HoronieHa. CoorBercrByoniue cOObITUS MOMAIAIOT B UK
TTOJTHOTO TIOTJIONIEHUS .

DKCIepUMEHTATBHBI CieKTp Y-u3ayuenus uzorona 27 Cs (E, = 662 k3B),
U3MEDPEHHBIN ¢ MOMONIBIO CHMHTUILIsIIMoHHOro cuerdrka ¢ Nal(Tl) nokazan
ua Puc. 1.3. B atrom ciekTpe Habi10/1aeTCst UK TOJTHOTO TOTJIONIEHUS U CIIEKTP
KOMIITOHOBCKHMX 3JIEKTPDOHOB, OODBIBAIOIIMUCS clipaBa Ha dHepruu EM* =
478 x3B. Takxke nMeeTcss nukx 06paMH020 PacceAHUs, KOTOPHIA CBI3aH C KOMII-
TOHOBCKMM paccesHieM Y-KBaHToB ¢ yrioM 6am3kum K 1800 na okpyrkaromem
CIMHTHLIATOD Marepuajax. Ero sHeprusi COOTBETCTBYET

E
E; =FE,-E = Tr% +726,
4910 cocTapageT 184 kaB maa E, = 662 xaB. Ocrpsrit K B caMOM HadaJle
crexTpa o0pa3oBaH peHTreHoBcKuM K-msimyuenmem aroma 27Ba ¢ smeprueit
33 k3B, KoTOpoe obpasyercs BCIAEACTBHE 8HYyMpeHHel KOHBEPCUYU TIPU Mepe-
x0/ie 13 BO30Y2KIAEHHOIO COCTOsiHUs siupa Oapusi B ocuouoe (Puc. 1.4).

ITponece poxkjenus map, mpoucxoadamui npu E, > 2mec® = 1.02M»3B,
MPUBOIUT K OOPA30BAHUIO IJIEKTPOHA U MO3UTPOHA. ECIU SHEPrus y-KBAHTA,
HEBEJINKA, TO UX npober HeDOJIBINOI 1 OHU TEPSIOT BCIO CBOI0 KUHETHIECKYIO
SHEPruio B CHMHTHLITOpE. OQCTAHOBUBINWICS MO3UTPOH U DJIEKTPOH Bele-
CTBa AaHHUTWJIMPYIOT ¢ 0Opa3oBaHneM AByX Y-KBaHToB c 3ueprueit 0.511 M»sB,
BBUIETAIONIMX B IIPOTUBOIOJIOXKHBIE CTOPOoHbL. Korjga oba y-kBaHTa MOKHIA-
0T CHWHTHUJIISTOP, B COEKTPE 00pa3yercs nuk deoliHoz0 eviaema C IHeprueit
E, —1.02M>sB, ecnu omuH n3 HEX IIOJHOCTBIO MOTJIONIAETCH, 00OpasyeTcsa nux
odunounozo evirema c sueprueir £, — 0.511M»sB, a eciu norsomaiorcs 06a,
TO MUK OyJIeT COBIAJATH C MAKOM IOJTHOIO MOTJIONIEHUS .

BepositHOCTD € MOrJoIeHus y-KBAHTA MPU [POXOXKICHUN CJIOS CIIMHTHLII-
JIATOpa TOMMMHON d (TpeAnoIaraeTcs, 9To NapaieIbHbIi My9Y0K Y-KBAHTOB
naJaer MeprieHIuKyIapHO TOBEPXHOCTH CUUHTUJLIATOPA) ONPEIEIAETCS Bbi-
paKeHueM

e =1—exp(—pud) =1 —exp(—nod),

12
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10000
Mumber of counts

2

o 100 20 Channel Number 400 =00 B0

Puc. 1.3: AMIUIETYIHBIH CHEKTDP HMITYIbCOB OT Y-KBanTOB 37Cs B CIEHTHII-
nsamuonaoM cuéranke u3 Nal(Tl): a — nuk nosmsoro mormomenus (662 k3B); 6
— I'PaHMIA CHEKTPa KOMITOHOBCKUX 3JeKTPoHOB (478 k3B); B — nuk obpar-
noro paccesuus (184 k3B); r — nuk or penrrenosckoro K-usmydenus 3"Ba

(33 k3B)).

re plem!] HasbiBaeTca Ko3hOUIUEHTOM HONTOMEHHS Y-KBAHTOB, 1 — YHC-
JIO ATOMOB B eJWHUIIE O0HEMA, 0 SBJISETCS CyMMApPHBIM CEUEHUEM B3aUMOIEH-

CTBUA C Mepeladeil SHEPTrun 3apAKEeHHON JacTuIe, T.€.
ar
o=0 o o .
ds T Tks(n) T OMAP

B caydae cmo:xHOTO BemiecTBa ero KO3 UIUEHT MOTJIOMIEHNsT Y-KBAHTOB Oy-
JeT CyMMOit KO3 (PUIHMEHTOB MOTIOMIEHNsT COCTABHBIX 3/TEMEHTOB:

MZZMZNAPZ%7

e N — amino ABoraJipo, p — ILUIOTHOCTH BeIecTBa, o;, A; — cedeHue mo-
[JIOIIEHUS U MOJIPHAS MAacca i-I'o JJIEMEHTa B COCTABE BEIECTBA.

IIuk mosHOTO TOTJIONIEHNsT HATIPAMYIO HeceT WHMOpMaImio 06 HEPTun
MaJAI0IIEr0 MOHOXPOMATHYECKOTO y-u3jaydenus. [103ToMy mMOMUMO TMOJHOMN
3¢ HEKTUBHOCTY PETUCTPANINY Y-KBAHTA CIEKTPOMETPOM, BBOIAT 3hdEKTUB-
HOCTB 110 (POTOMHKY, T.€. OTHOIIEHUE UUCIA COOBITUH IO MAKOM ITOJHOTO TIO-
[JIOIIEHUS K HOJIHOMY 9HCJTy Y-KBAHTOB.

1.3.2 DmHepreTmyecKoe pa3penieHNe raMMa-CIeKTPOMeTpa

OHEPreTHIEeCKUM PA3PEIIeHNe FaMMa-CIIEKTPOMETPA, OMPEIEIISIeTCsl KAK OTHO-
LIEHUE [TOJHOW MIMPUHbI U3MEPEHHOI'0 IIMKA IIOJIHOI'O IIOIJIOIMIEHUs HA €ro I0-

13
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Ba*
2.55m

0.6617 MeV y
85.1%

0.6617 11/2-

0.2834 1/2+

"Ba

—_ 32+

Puc. 1.4: Cxema pacuasa ue3us-137.

JyBBICOTE K cpennelt ammnuryne muka: AA/A = AE/E,.

Ommubka u3MepsieMoil aMIJINTYIbI THKA BBI3BAHA TIPEXKIE BCErO CTATH-
CTUYECKUMU (DIYKTYAIUSIMHA IUCIIA, 3aPETUCTPUPOBAHHBIX (POTOIIEKTPOHOB B
DY, KOTOphIe MOTIUHSIIOTCH 3akony Ilyaccona. Ilpu cpemuem uuciae dporo-
31eKTPOHOB! N, o , CPEHEKBAIPATHIHOE OTKIOHEHHE YuCIa (POTOINEKTPOHOB
cocraBaseT y/ Np.c.. Takaxe nmerorcs craTuctudeckue GIyKTyaIllun yCHICHUS
DY, KOTOPbIE NPUBOIAAT K JAONOJHUTEILHOMY YXYAIUIEHUI) SHEPIeTUYECKO-
ro pasperenus. Ecin a3 — cpefsist aMIInTyna ogHoro (oTosekTpoHa Ha
BbixoZe POV U 01 — CPEIHEKBAAPATUIHOE OTKJIOHEHWE AMILIUTY/IbI OIHOTO
dborosmexTpona, To dbopMyna A8 OMMOKN H3MEePeHNs aMITATYIBl OT Np o,
$OTO3TEKTPOHOB, KOTOPas YIUTHIBAET 002 MCTOIHUKA (PIYyKTyaIwii, Oymer

o(A) = (a% + U%)Np-e.-

Bxnan dbaykryarwit yenmennss @Y 9acTo OMUCHIBAIOT dakmopom u3bovi-
mounnx wymos F', tak 410

OueBuuno, uro F = 1+ (o4 /a1)2. Benuuuna F' Bcerna 6osiblie equHANbL U
OOBIYHO MEHBIIE JTBONKH.

ITomumo ommcanHbIX Bbie (IYKTyaIuil, B SHEPreTUIECKOE PA3PEIIEHHUE
CIEKTPOMETPa JAI0T BKJAJ IIYMbl YCAIUTEIHHOO TPAKTA U Pa3PelIeHue aM-
[UIATYHOIO aHAJIM3aTOPa UMILY/IbCOoB. OOO3HAYNM SKBUBAJIEHTHYIO BEJIUYNHY
9TOrO LIYyMa B €IMHMIAX 3aps/ia 3JeKTPOHOB ¢ Bbixoga ®IY kak N.. Torma
JIJIST SHEPTETUYECKOrO PA3PEIIEeHUsI, KOTOPOe OMUCHIBAETCS TAyCCOBCKUM Dac-

135ecs moapasymesaioTca (bOTOIMEKTPOHLI coBpanEbIe Ha mepseii mumon PRV, Te.
Np.e. = Nynec.

14
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mpesieseHueM, uMeeM (opmyry

P () o

GNp.e.

Kosdpdunument +/8 In2 ~ 2.35 Bo3HUKAET NP HAXOKICHUH TTOJHON MMTHPUHBI
Ha, MOJIyBBICOTE JjIs pacmupeneienus laycca.

"3 dopmysnst (1.3), BugHO, 9410 4nCI0 POTOITEKTPOHOB ABJISAETCS BaYKHOM
XaPaKTEPUCTUKON CIUHTUJLISIIIUOHHOIO CIIEKTPOMETPa, KOTOPOEe OIPEeIesdeT
€ro YHEPreTuvIecKoe Pa3perieHue.

Ha sueprernyeckoe pa3perienne TakKe MOTYT BIUSTh YTEUKU YHEPTUN U3
9yBCTBUTEHHO 00bEMA U HEQTHOPOIHOCTH CIIMHTHAJIISATOPA U CBETOCOOpa. ITu
BKJIQ/IbI 3aBUCAT OT TEOMETPUN JETEKTOPA, KA9eCTBA KPUCTAJLIIA U OTPAYKAIO-
Iero MOKPBITUsI, a TakkKe OT omHopomHoctu dorokarona ®IY. x mMoxkHO
OIIPEIeJINTH C MOMOIIBI0 MozeupoBanus meronom Monre-Kapiio, usamepus
COOTBETCTBYIOIINE MaPaAMeTPhl U 3aJI0KUB UX B MOIEJIMPOBAHUE.

Yucsio GoTO3IeKTPOHOB MOYKHO HAWTH U3 OTHOIIEHUST IBYX BEJIUUNH: CPE/I-
HEll aMIJIUTYIbl UMITYJIBCA Ha BBIXOAE (DOTOYMHOKHUTE IS IPU W3BECTHON TO-
Tepe SHEPIUuu B CHMHTUILIATOPE W AMILIATY/bI UMITYJIbCA, COOTBETCTBYIONIEH
omHOMY (POTOIJIEKTPOHY.

IIpocroit meron m3MepeHusi aMIIUTYAbI OAHOIIEKTPOHHOIO HMILYJIbCA C
TounocThi0 10-20% cocTonT B ONpeneseHMH KOOPAWMHATHI NMEHTPa TAMKECTH
AMILIUTY/IHOTO PACIPEIEIEHUS UMITYJIHCOB TEMHOBOIO TOKa, (hOTOYMHOKHUTE-
JIs.

1.4 Omnmcasme yCTaHOBKU

1.4.1 Texuudeckue cpeCcTBa

B pa6ore ucnosnb3yorcs Moaynu (610ku) ssiekrporunku B crangapre KAMAK
npoussogcTBa UAD CO PAH. Yupasienue 3,ileKTPOHUKON U CUNTHIBAHUE WH-
dopMar TPOUCXOAUT € MOMOIIHI0 KOMITbIOTEPA.

Ucnonb3yembie mpubOpDI U JAPYTHE CPEICTBA, BKJIIOYAIOT:

1. dorovnekTpoHHblil yMHOKUTEIb DIY-143,
2. BbicOKOBOJIBTHBI ucrounuk B0308 (BBU),

BpeMs-amiuiuryanbiii 6s0k (TA),

-

arrenioaropsl — 2 6iaoka A0608 (ATT),

5. 6ok 3UD D0302 (sunus 3anepxkku + GOpMUPOBATENb UMILYJIbCOB),

15
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6. 3apsioBo-1udpoBoit npeobpazosarens C0312 (31IIT),

7. CIMHTHLIATOPHI B CBETOOTPAKAIOIIEH 00epTKe C OTHON OTKPBITOi Ipa-
ubio: Nal(T1), oprorepmanar sucmyra (BGO), ninacruveckuil cugnTm-
asrop (ua ocuose IIBT),

8. pammoaxTusubli uzoron 27Cs.

Biok-cxema ycranosku nmokazana ua Puc. 1.5.

BBU

ATT

ATT TA 340

3un

ny

o3y

Puc. 1.5: Biok-cxema 371€KTPOHUKH.

BBU umeer aBa KaHama, M3 KOTOPBIX HCIOMB3YETCS OIWH, KAK MPABUJIO,
mzkauit (A0Q). Vcrodynuk nopaer BbICOKOE HAlPsizKEHHEe 4epe3 HU3KO4aCTOT-
ubiit Guibrp Ha PIY. Pabdouee nanpskenne PIY-143 — oxosio 1300 B.

Baok TA ciayXut 1jis JOMOJHUTEIHHOTO YCUJIEHUS] CUTHAJIA C MPEIyCh-
JINTENI U CO3/AHUsI CHHXPOMMIIYJIbCA C TIOMOIIBIO0 BCTPOEHHOTO JUCKPUMUHA-
TOpa. AHANOTOBBI CUTHAJ BBIJAETCS HA BBIXOA A, a CHHXPOHU3UPOBAHHBIN C
auM jgorudeckuii NIM-curnan — na Boixon T.

C mOMOIIBIO ATTEHIOATOPOB MOXKHO YIPABJIATH AMILIATY/ION CUTHAJIA [0-
CJIe TIPeIYCUTUTE]Is, OCAA0IsAs €r0 Ha, 3aJaHHOe KOJIMIECTBO IO C IIaroM
3 1b. MakcumaabHOe OcjIabjeHne OJHOrO aTTeHaropa cocrasisger 45 nb.
[epsorit arrenioarop crout mnepen 6okoM TA. C mOMOIIBIO HErO MOXKHO 3a-
JaBaTh 3(PPEKTUBHBIN TOPOT CPADATHLIBAHUS I TIOIABICHHUS IIIyMOB U BO3-
MO2KHBIX HABOZOK II0CJIE IIPeAyCuinTesisd. TakKe OH CIIyKHUT JJis COIJIACOBa-
HUST AMIUIATYIBI CUTHAIA C JAHAMWYIECKUM JUAMA30HOM YCUJIUTENS B OJIOKE

16
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TA. Bropoit arreroaTop nocie 6;0ka TA ciyRut 171 coriacoBaHus aMILIN-
Tyapl curHasa ¢ auamnazoHom uamepenwusi SIII. OTHOIEHHE aMIIUTYABI HA
BBIXO/IE ATTEHI0ATOPA K aMILIATYAE HA BXO/E maercs (hopMysioit

Aout

=107
Ain ’

rae D — ycranosjienHoe ociabienue B aenubesnax. Obiuee ociabiieHne CUrHa-
Jia B jrenubesiax siB/IsieTcs CyMMOil ocsiab/ieHnii JByX aTTeHI0ATOPOB.

Baok 3U® umeer nsa kanana. Ilepsoiii (Bepxuuii) Kanan (HyHKIHOHU-
pPYeT B KAa4uecTBE YIPABJIAEMOIl JIMHUU 33JEPYKKH, a BTOPOH (HUKHWI) Kak
dbopMupOBATENH JJOTHIECKUX UMITYJIbCOB. BJIOK Cciiykut ajis (OpMUpPOBAHUS
yupasisomero curdasna (Bopor) 3III, B reuenue xkoroporo 3T unTerpu-
pyer BxonHo# curHas. [Ipu 3amycke ympapsisiomeil mporpaMmbl 33/1€PKKa U
JUIMHA yIPABJIAIONIEr0 MMIIYJIbCA WHUNUAIUSUPYIOTCH 3HAYEHUAME I10/IXO s~
IMAMY 719 U3MEPEHNST aMIIJIUTYIHOTO CTEKTPA CUTHAJIA CO CIETUNKA.

1.4.2 IIporpammHOe obecneyeHTE

Jlst ynpaBiieHus 37eKTPOHUKOM MCIIOIb3yeTCs Clenuaibias TporpaMmma, Ha-
[MCAHHAs HA OCHOBE cpejibl Juid anainu3a dbusundeckux ganubix ROOT [5]. Ouna
1103BoJigeT yupas/sarb Bcemu Osiokamu KAMAK ¢ nomouipbio HarsaHoro rpa-
buueckoro nonb3osarensckoro unrepdeiica (I'IIN), nabupars rucTorpaMmy
ammuTyaHoro pacupenenenus ¢ 3111 u anaau3upoBarh ee, UCIOIb3ys CTAH-
nmaprubie cpeacrsa [TIN ROOT.

Ha Puc. 1.6 nokazan Buz okua I'IIU ynpasnsromeit nporpammbl. B okme
LPAMOYIOJIbHUKAMU 1300pazkeHbl unrepdeiicol yupapienus 6iiokamu KAMAK.
OTHOCUTETLHBIN Pa3Mep W PACIOJIOXKEHNE MPSMOYTOJILHUKOB COOTBETCTBYET
MO3UIIAU W MIMPUHE COOTBETCTBYIONINX OJIOKOB 3JIEKTPOHUKHU B Kpeiite KA-
MAK. Kpome Toro, MHOroKaHaJjbHbIe OJIOKH UMEIOT HHTEePGEHCh ypaBIeHust
KaHAJIAME, KOTOPbIE IPADUIECKU PACIONOKEHBI B COOTBETCTBUU C (DU3UUIE-
CKHMM PACIOJIOXKEHUEM KAHAJIOB Ha JIMIEBOM nanesn 6j0KoB. VHTepakTuBHbIE
smemenTsl ['TIV cTangapTHBI ¥ BKIIIOYAIOT: KHOMKA, PAIUOKHONKH, TIEPEKITIO-
JaTeJIu U TEKCTOBBIE TIOJIsI. Y IPABJIEHUE TTPOrPpaMMOil TpedyeT 0A30BBIX HABBI-
KOB paboThl ¢ rpadudeckumu naTEepdeiicamu.

Hanee uner onucanue ['TIN yupasiienus: ornensabivu 6mokamun KAMAK.

e Uurepdeiic yupasienuss BBU (B0308, 2 kanasa) cocrour u3 TeKCTOBO-
TO TIOJTS JJTsT YKA3aHUs HAMPSIPKEHNS B BUJIE TIEJIOTO YUCIA BOJIBT, KHOTTKN
On/0ff nuis BRIO9YeHus /BbikIoYennst BBI, knonkn reset mist copoca
cocrosiauii neperpy3ok BBU (kak npaBujio, He UCIOIb3YETCs) U 9JIEMEH-
TOB [ OTOOPaYKEHUs TEKYIIEero COCTOSHUSA: 3HAYEHNE YCTAHOBIEHHOTO
Hamnpsizkeauss 1 waaukatop ON/OFF. Ilocme BRItOUeHnsT W 3aaHus pa-
604€ero HAIPHAXKEHUs [IPOUCXOIUT I[OCTEIEHHBIA [IObEM HAIPAXKEHUS,
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A0E03 AD608 DO302 co312 BO308 K0B07
ATTEH ATTEH ZIF ICP-4 HVS
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© < le) og
ch che oy
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dB dB oN
® ® 1.0 0 (@]
ey
® ® mks o
— (-
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Puc. 1.6: I'naBHOE OKHO yIpaBIAONIEH MPOTPAMMBI.

KOTOPBIN AJIUTCS OKOJIO MUHYTBHI. B TedeHme 3TOr0 BpeMeHW WHINKATOD
ON mMeeT KeJThIN IBET, a MOCJIe CTAHOBUTCS 3€JIEHDBIM.

Yeranoska ocnabnenns arrenoaropa (A0608) Bo3zMoxKHa TGO ¢ TOMO-
IIBIO TEKCTOBOI'O TOJIsL, [/1€ BBOAUTCS 3HAYEHHUE OCIa0IeHH B Ienbeax
KpaTHOe TPEM, JIMOO JBYyMs KHOIKAME /I HOHUKEHUS U LOBbBIILICHHS
ocnabrnenns Ha 3 1B, M6 YeTHIPEXPA3PSIIHBIM MEPEKII0UATeIeM st
nobasrenus Beanand 3, 6, 12 u 24 1b.

Nurepdeiic 61o0xa 3D (D0302, 2 kanaia) UMeET J1Ba TEKCTOBBIX MOJIs
IUIs yIpaBjieHus KanajuoMm 3aiepkku (Ch 0) u kamajgoMm dopMmuposa-
resist (Ch 1), rie BBOAMTCH BpeMsi B MHUKPOCEKYHIAX C TOYHOCTBIO 0
JIECSATHIX.

IIporpamma cuurbiBaer oxnopemento sce kanasbl 3UIT (C0312). Un-
repdeiic LI umeer 4 paguOKHONKHU Jijisi BHIOOPA KaHaJa, Jjis KOTO-
POro OTOOparKAETC AMILIUTYIHBIN CIeKTp. IIpu 3TOM BBIBOAUTCS OKHO
¢ rucrorpammoii (06bekT ROOT TCanvas), 0OHOBJISAIOIIEECHT KAXKILYIO
CeKyHIy B Tedenwe Habopa crarucTuku. Hadamo m OCTaHOBKA CYUTHI-
Bauus 3IIIT npowcxoauT mo miendky Ha KHONKe start/stop. Knomka
reset mo3BosIgeT COPOCUTH HAOPAHHDBIE THCTOIPAMMBIL.
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1.5 3aganus

1. V6emurbes, aro koxkyx @Y 3aBundeH, 9T0ObI HAPYKHBIH CBET HE TIO-
magaa Ha pOTOKATOI.

BHUMAHWE: NMPN BKJNKOYEHHOM BbICOKOM HAMPAXXEHNN
KOXXVYX ®3V HE OTKPbIBATb!

2. BamycTuTh yIpaBIISIONyI0 MPOTPAMMY. YCTAHOBUTH HAMPSYKEHUE MUTA~
nust DY pasnoe 1300 B.

3. Ilpu nebosbiioM ocaabI€eHUE HAOPATH AMIUIUTY/IHBIA CIIEKTD MMITYJIb-
COB TEMHOBOTO TOKa (DOTOYMHOKWTENS W OMPEIEUTh [MEHTD TAKECTH
MIOJIy 9€HHOTO PACIIPEIETICHUSI.

3HauyeHue CpeAHEro No rncTorpamMmme BbIBOAUTCSI B MPABOM BEPXHEM Yrily
OKHa kak napametp Mean. ObnacTb cnekTpa, N0 KOTOPOU ONPeAensatoTCs
Mean n RMS, MOXHO 334aTb, Jep>Ka HAXKATON JIEBYIO KNABULLY MbILUN 1
npoBeas ykasaTesleM HenoCpenCTBEHHO nog ocbto X. [pu aTom rucro-
rpaMmMa OTODpaXkaeTcsi B YKa3aHHOM AManasoHe OCK X.

Pacmeuarars rucrorpammy.

CoxpaHuTtb haiini C KapTUHKOW, [AAsi 4ero BbiOpaTb B MEHKO OKHA
File—Save As... u 3agatb ums ¢aiina B ¢popmate PS. 3atem B okHe
TEPMUHANA BbINOJIHATE KOMaHAY

lpr <nymo % datisy>

4. TIpm ToM Ke 3HAUEHNH OCTAOIEHHS OTKATHOPOBATDH IMOOKEHHUE IIheIe-
cTajia, JJisl 9ero HabpaTh aMILTHTYIHBIA CIIEKTP MPU 3HAYEHUHU 3a1ePK-
ku B repBoM Kanasie 3D pasuoit 50 mkc, mpu srom Bopora 3LIT 6y-
JIyT HE COBMAIATh MO BPEMEHU C CUTHAJIOM. L[@HTD TSKeCTH CIeKTpa
JIacT aMIJIUTY/y, COOTBETCTBYIOIILYIO Mbejectany. IIbenecran neobxomm-
MO YYUTHIBATH IPHU ONPEICJIEHUN aMILIUTY/Ibl CUTHAJIBHOTO CIIEKTPA.

5. CHATH BBICOKOE HANPSI)KEHUE W yCTAHOBUTH Ha (porokarom OV crun-
tunnarop Nal(Tl) ¢ mzoronom 37Cs. Ilomarh BbICOKOE HANPSKEHHE HA
GOTOYMHOKHTED B yCTAHOBUTH TAKOE OCIA0JIEHUE ATTEHI0ATOPA, ITO-
ObI HAOTIOAATH CIEKTP UMIYJIHCOB, COOTBeTCTByomNil Puc. 1.3.

6. Habparb aMIIuTyHBIN CIEKTDP U OMPEIEIUTh AMILIUTY/IBI COOTBETCTBY-
IOIe MAKCUMYMYy IIHMKAa IMOJIHOTO MOIJIONIEHNA, KPalo CIIeKTPa KOMIITO-
HOBCKUX 3JIEKTPOHOB ¥ MAaKCHMyMYy MHUKa 0OPATHOrO paccesnns. Takxke
U3MEPUTDH IIOJHYIO IIUPUHY HA II0JIyBBICOTE IHUKA IIOJIHOI'O IIOIJIOIIEHUA

(IIIIIIB).
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BHu3y OKHa C ructorpamMmoin OTODpPa)katoTCsl TEKYLLEE MOJIOXKEHNE YKa-
3atensa moiwn (x,y) B eguHuyax oceii rpacpuka. Ecnm atux 3HayeHnii ve
BUAHO, TO Hafo BbIOpaTh B MeHtO OKHa View—Event Statusbar.

He menss ocmabiienne, oTKaInOpOBaTh MbEIECTAN, KaK OMUCAHO B 1.4,
n yquTb €r'0 IIPpU BBIYUCJICHUH aMHI[I/ITy,IL.

AHaJIOrUYHO TOJIyYUTh CIEKTPBI UMITYJIHCOB it BGO u mracTuaeckoro
cuuaruiigropa. Jdius BGO usmepurs noJioxkeHue muKa, MOJHOrO IIOrIo-
menns u [TIIIIB, a 1ag mIacTUYecKOro CIUHTHIISTOPA — MOJI0KEHNEe
Kpasi CIEKTPa KOMITTOHOBCKHUX JIEKTPOHOB. [Ljist 000X CIEKTPOB OTKa-
JMOPOBATH M YYECTD MbEIECTAI.

3aKoHYMB m3MepeHns, He 3abyabTe yopaTh m3oron 37Cs B CBUHIOBBIH
JOMUK!

O6paboTka n npeacTaBJIEHUE PE3YJIHTATOB

Jls oTueTa HEOOXOIMMO UMETh PACTIEYATAHHBIE AMTUIATYIHBIE CTIEKTPHI
reMHOBOrO ToKa DY, crunrusuisuuonnoro cuerynka ¢ Nal(Tl), BGO,
ILIACTHYECKUAM CIUHTHILISATOPOM.

PesynbraTsr m3amepenunii mpeCcTaBUTh B BUIE TAOIUIIHL:

AMIUTUTYAA | COUHTUJUIATOD | KaHaJ | ocjabseHue | ducao ¢.3. | sHeprud Ha
SHIT* | xb | pa3**

1 b TeMH. TOK 1

662 xk>B NalI(T1)

184 k3B Nal(TI)

478 k3B CII. TIJIACTM.

662 k3B BGO

* AmminTya B kanagax 31111 ¢ BBIYTEHHBIM MHEIeCTATIOM.

Pas
** Ocnabsenne B pasax = 10 20 .

Oupenenure sueprerudeckoe paspeuienre AE/E cuyHTUILIAIMOHHOIO
cuerunka ¢ kpucrasom Nal(Tl) n ¢ BGO. AE — mosHast mupuHa Ha
TIOJIOBMHE BBICOTHI MMHUKA, TIOJTHOTO TIOTJIONIEeHn B K3B, F = 662 xk3B.

OTBeTuTh HA KOHTPOJIBbHBIE BOMPOCHI. CM. HUKE.

BOHpOCBI AJId KOHTPOJIA

1.

Kak ycTpoeH CHMHTHIUISIMOHHBIA CYeTYHK (€r0 OCHOBHBIE COCTABHBIE
gacru)?
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. Kakue XapPaKTEPUCTUKHU CIIUHTHUJIJIATOPOB BBI 3naere?

. Kak 00bsaCHUTH pasjnyue B BeJIMYNHE TAKAX XapaKTePUCTUK HEeOpraHu-
YECKHUX U OPraHWYeCKHX CHUHTUIIATOPOB KAK BPEMS BLICBCYHBAHUA H
CBETOBOi BBIXOH !

. YUT0 HA3BIBAETCS AMILTMTYIHBIM PA3PEIIEHNEM CIMHTUILIAIMOHHOTO CYeT-
yuka? Yem oHO oupenesnserca?

. dng kakux Ppu3MIecKuX U3MEPEHUil IPUMEHSIeTCH CUUHTUILIANAOHHbIH
CYeTYnK?

. KakoBbI MeXaHU3MbI PETUCTPAIIH 3aAPIKEHHBIX YaCTHIl W Y-KBAHTOB B
CIMHTUJLJISIIMOHHOM CYeTduke?

. Kak ycTpoeH CIUHTHILIAIIMOHHBIN raMMa-CITIEKTPOMETD?

. Kak onpenenurs 3¢ HEeKTUBHOCTD PErnCTPAINU Y-KBAHTOB B CIIMHTHUJI-
JISIIAOHHOM CYeTYUKE?

- Hoquy aMH.}II/ITy,I[HbII‘/‘I CIIEKTD IIJIAaCTUYECKOI'O CITUTHJIIATOPA HE HMeeT
IINKa IIOJTHOT'O HOI‘J'IOHLQHI/IH?
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Jlaboparopnas pabdora Ne 2

Meton coBnaaeHMin

BBenenue

OfHuM U3 METONOB BBIIEJICHUS B YKCIEPUMEHTE HYKHBIX coObITHil (3¢hbdexr)
npu Hasmaun (oua (apyrue pusnueckue mponeccsl, IyMbl PErUCTPUPY IOt
alaparypbl U T.1.) sBISETCs UCIOJIb30BAHUE KOPPEJISAIUE MOMEHTOB cpaba-
THIBAHUS HE3aBUCUMBIX YacTeil peructpupymomieil anmaparypbl. Koppemnsims
BpeMeH cpabaThIBAHUS JIETEKTOPOB MOXKET UCIOIb30BAThCSA B pexKuMe on-line
(B peasbHOM BpeMeHW) W/man B pexxume off-line (Bo Bpemsi mocsemyormei
obpaborku 3amucanHoil nHbopmannu) [1, 2].

B pexxume on-line ucnonbayrorcs cxembl cosraaenuii (CC) na ocuose GbicT-
pOii 3JIEKTPOHUKHU, PE3YAbTAT B BUJE HAJIUYUS WU OTCYTCTBUS HUMITYIHCA
ua Bbixosie CC mnostydaercst 4epe3 HECKOIbKO JIECATKOB HAHOCEKYHJ. Takoii
MTOJIXOJT, TTPUMEHSIETCST TIPY BBICOKOM YPOBHE (DOHA U TIO3BOJIIET OTOPACKHIBATH
HEHYYKHBbIE COOBITHS HA HAYAJILHOM dTAare [0 OMr(pPOBKU 1 3amucu HHGOPMa-
mu OT JeTeKTOpoB. HemocTaTrkoMm 3TOro MeToa siBjisieTCsi OTCY TCTBHE JAHHBIX
00 OTOPOIIEHHBIX COOBITHSAX, 9TO MPW HETOYHOH HACTPOHKE CXeM COBIAIEHII
MOXKET MPHUBECTH K HEKOHTpOJupyemoit morepe cobbituii adpdexra. Iloaromy
00bran0 pazpemaromniee Bpemss CC BbiOUpaercs ¢ 3amacoMm, 9T0 MPUBOAUT K
YXYIIIEHNIO MPEIENbHO JOCTHKUMOrO cooTHOMeHNst 3¢ derT /boH.

B pesxknme off-line ¢ momomibio Bpems-1in@poBbIX Mpeodpa3oBaTeseit n3mve-
PSIIOTCST BpeMeHa CpabaThIBAHUS PA3TMYHBIX JIETEKTOPOB OTHOCUTETHHO HEKO-
TOPOro BpeMeHHOTro perepa. [losrydennblie TanHbIe 3AMUCHIBAIOTCA U UCIOJIb3Y-
I0TCsl IPH MOCTIEAYIONIEH 06paboTKe. DTOT METO TO3BOJISET JOCTUYD IPEJIEITb-
HOTO BPEMEHHOT'O Pa3PeIIeHnsi, TOCKOJIbKY Mpu 00paboTKe WHMOPMAIINN MOXK-
HO y9eCTh pa3jaudHbie 3(PEKThI, HAMPUMED, 3ABUCUMOCTH BPEMEHU CPA0AThI-
BaHUs JIETEKTOPA OT MECTa IPOXOXKJEHUs JacTUIbl (reomerpuyeckuii dhax-
TOp), OT aMILIUTYbI CUrHAJA € AeTeKTopa U T.1. OObIYHO B 9KCIEPUMEHTAX
npuMeHsioT 06a Meroaa: B pexkume on-line BoraenrsaoT 3p¢eKT ¢ HEKOTOPOit
npumecbio GpoHa, a B pexkume off-line orbpacekiBaror ocrasiuiics: (oH.
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2.1 Omnwmcanme padboTHI

[Tenwio HacTosIIEH PABOTHI ABISETCS U3YUEHTE METOIOB BhijeneHus 3(dderTa
M0 KOPPEeJISIIUY BpeMeH CpabaThIiBAHUS HE3ABUCHMBIX JIeTEKTOPOB. M3yuenue
TTPOROANTCA Ha TIpDUMEPE PETUCTPpAlIT ABYMA COUWHTWIUIAOWOHHBIMU CHETYN-
KaMH Y-KBAHTOB 0T pacmana mzoroma °Co. CxeMa pacmana M30TONA TIpHBe-
nena Ha puc. 2.1 Ipu S-pacmage aapa °Co obpazyercs Bo3bysKmIeHHOE SApO
50Ni, xoTOpoe TIpH Mepexome B OCHOBHOE COCTOSHUE HCIYCKAET MOCTeIOBA-
TEeNBHO IBA y-KBaHTa C 3Heprusivu 1.17 u 1.33 MsB. Bpems mexxay Beuierom
-KRanTOR oderh Mano (merkme 1 me = 10 2 cex), Tak uTo 3T COOHITHS
MIPOUCXOAAT MPAKTUYECKH OJHOBPEMEHHO [IJIsi CYIIECTBYIOMIEH 3JIEKTPOHUKH.

60 :
27(10 52722 031
o 1 MeV g0 ———————2505 40
. . 21582+
o)

11732 MeV y
_

1,332 2+

_— 1.3325 MeV' y
SONj ——— o

Puc. 2.1: Cxema pacmaga kobanbra-60.

CunnTmwuisnnonnbiil caerauk (Puc. 2.2) npegcrasisier coboii ceeTonenpo-
HULAEMBIH KOPTTYC, B KOTOPOM PACTIONOXNKEHA CHUHTHILISIIHORHAS TIIACTMACCA
(nonmeTrpon co cuwnTIILMpyIomeit 106arkoit) pazvepom 200x200x10 M.
CBer ¢ 0MHOrO M3 TOPIOB CIUHTHILISATOPA C MOMOIIBLIO [JIEKCUIIACOBLIX CBE-
TOBOIOB cobupaercst Ha dporoymHoKkuTENs DIY-30. Tlpu npoxoKIeHUN 3apsi-
JKEHHOH YACTULBI Yepe3 MIACTMACCY BCIeACTBHE BO3OYKICHUS U MOHU3ALNH
ATOMOB BO3HUKAET CUUHTUIIISIIIMOHHBIN CBET, PETUCTPUPYEMBIH (hOTOYMHOKHU-
tenem. [puannner pabotei @AY U CUMHTUILISIUORHLIX CYETUYNKOR Bosee no-
JIpobHO H3MoXKeHbl B [3, pasm. 5.1,5.2].

~A-KBAHTBI B CUETIUKE PETUCTPUPYIOTCS TOMBKO TOCHTE UX BIAUMOIEHCTEIS
C BEIIECTBOM CUUHTHUILISATOPA U 0OPAROBAHUS 3HEPTUYHOTO 3JTEKTPOHA BCIEI-
creue oroadpderta, Komnron-agpderTa man 3/IeKTPOH-TIO3UTPOHHON TAPHI
reseacTrIe mpouecca poskaenus nap ([3], pasa. 1.2). Tlpu sweprun y-kranTor
B paiiorne 1.2-1.3 M3B u atomapHoM coctase mactmacest (-C-H-) ocHOBHBIM
nporeccoM sipsiercss KoMnToH-3(deRT (ouenums 6Kaa0 6cex mpex npoyec-
CO6 6 GEPOAMNHOCTD 630UMOCCTICMEUA). DHEPreTUIECKUH CIIEKTD KOMITOHOB-
CKUX 3JIEKTPOHOB SIBIISIETCS] TTPAKTUYECKH PABHOMEPHBIM OT HYJd IO HEKOTO-
poii makcnmansroit srepran (Puc. 2.3) (oyenums smy snepzuso ). Taxvm obpa-
30M, a(l)d)eKTVTRHOCTB pernucCTpauvn yY-KBaHTAd CHUHAHTUILIAOWOHHBIM CHETUYUKOM
OTIPEJIEJISIETCS] BEPOATHOCTBIO €r0 B3aUMOJIEICTBHS C BEIIECTBOM CIHMHTHIIS-
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hokycupyoLLnii

CUMHTUANATOP  (hOTOKATOZ,  9NEKTPOA, AVHOAB! BaKyymHas Tpy6a

\
=

raMmMa-kBaHT

SHEPruYHbIn
3N1eKTPOH

Aenvtenb Hanpskesuws [ peeeeed g
_UO

Puc. 2.2: Cxema COUMATHIIAIIMOHHOTO CYETINKA.

topa (p ~ 1 r/cm®, Tommuua 1 ¢M) 1 9HEPreTHYECKEM HOPOrOM PErHCTPAIIUHT
00pA30BABIIUXCSL IEKTPOHOB (OUEHUMSG IPPHEKMUSHOCTID DELUCTNPALUL,).
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Puc. 2.3: Tuddepennmanbuoe ceaenne Komnron-addexra B 3aBUCHMOCTH OT
SHEPIUU PACCESTHHBIX JIEKTPOHOB.

2.1.1 BpemeHnHble XapaKTE€PUCTUKU CHUHTUIIANMUOHHBIX
CUYETUYUKOB

CrocoGHOCTD IETEKTOPA PErUCTPUPOBATH AKTHI B3AMMOMEHCTBUS YACTHUIIBI C
BEIIEeCTBOM /IETEKTOPa, Pa3/ie/leHHbIe MAJ/IbIM IIPDOMEXKYTKOM BPEMEHHU, XapaK-
Tepu3yercs BpeMEHHbIM pa3perneHueM. MuHuMaIbHbIA HHTEPBAJ BDEMEHH MeK-
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JIy TIPUXO0/IOM YaCTHUIL B J€TEKTOP, IIPU KOTOPOM 3TH YaCTUIIBI PETUCTPUDPYIOTCA
pa3aenbHO, HA3BIBAETCA PA3PEIIAIONIIM BPEMEHEM JIETEKTOPA.

Wonusupyromee usirydenue, NOMAIA0NEe B COUHTUIISATOD, BHI3bIBAET B
HEM BCIIBITIKY JIIOMUHECTEHTNH. [IPOI0IKATETHHOCTH CBETOBOH BCITBITIIKH CITHH-
TUJIIATOPA XAPAKTEPUIYETCS 6pemerem 6viceeuusaHus. OOBITHO BpeMeHHAs
3aBUCHMOCTb CBETOBBIXO/A OMUCHIBAETCA SKCIIOHEHIINAIbHBIM 3aKOHOM:

AN,(t) _ No o,
dt T

TIe T — BpeMsl BHICBEUMBAHWS, B T€UEHHE KOTOPOr0 MHTEHCHBHOCTE MAJAET B

e pa3, Ng — ancjiao ¢GpOTOHOB BO BCITBIIIKE.

DOTOHBI JTIOMUHECIIEHITHN, PACIPOCTPAHIACH MO CIUHTHLISATOPY U CBETO-
Boxy, momagaoT Ha dorokaron PIY, BeIOMBAIOT (HOTOITEKTPOHBI, KOTOPHIE
JIAI0T HA4YaJIo JiaBuHe. B MoMeHT npuxoa JiaBuibl Ha anog @Y Ha HeMm BO3-
HUKAET UMITYJIHC OTPUIIATEIHLHON MOJSPHOCTH.

Paccmorpum passutue mmmyabcoB B @OV Bo Bpemenu. Ha Puc. 2.4 mo-
Ka3aHa SKBUBAJIEHTHASA IJIEKTPUIECKAs CXeMa aHOIHOM menu. VIcTOIHNK TOKA,
1, npeacrasnser coboit DY, co3pamimii TOK B aHOAHOHA nenu. R, — compo-
TUBJIEHUE aHOJAHON Harpy3ku, a C;, — cyMMapHas Iapa3suTHasi eMKOCTb LI
aHO/Ia 1O OTHOIIEHHIO K 3€MJIE.

I,

, (2.1)

4
~
a

Puc. 2.4: OxBuBaseHTHAA CXeMa aHOIHON IEIu.

Eciu caurars, uro ®IY He Jaer JONOJIHATETHHONO pa3dpoca BpeMeHU
[IPUXO/IA UMILYJIHCOB OT (DOTOHOB, & COOP CBETA M3 CHUHTUILIATOPA JOCTATOY-
HO OBICTPHI, TO TOK ¢ aHoma @Y WMeeT 3aBUCHUMOCTH OT BPEMEHH TIPOTIOp-
roHaNbHYy0 (2.1):

enecG N N,
I,(t) = SHCTT0 omtfr — o ot/ (2.2)
T T
e e — BeJWYWHA 3apsaa JIeKTPoHa, a 1, €c, G — kBantoBas 3ddek-

TUBHOCTH, KO3 durmenT coopa GHoToTEKTPOHOB U KOIDDUIINEHT yCUTCHUST
DY, Np.e. — 4ucio HOTO3JIEKTPOHOB OT BCIIBIIIKH.
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Emkocth anona C, Ipu 3TOM pa3psizKaeTcst 4epe3 COMPOTUBIIEHHE HArPYy3-
ku R,. Cormacuo npasmwram Kupxroda umeem ciieayrolue ypaBHeHWs

I, = Ir+Ic,
Q

IrR, = —= =1,
R c.

rae Igr m Ic — TOKHM, TEKyIue Yepe3 aHOIHBIE COMPOTUBJIEHUE W EMKOCTD,
COOTBETCTBEHHO, () — 3apsJ Ha éMKOCTH aHOJA.

HUcnonb3ys pasencrso I = dQ/dt u Boipazkenue (2.2), nonyuum audde-
PEHIMAIbHOE YPABHEHHE OTHOCUTEIHHO U

W, U Nee e
dt R,C, TC,

PermuB 310 ypaBHeHME, TOTYyIUM AMILTUTYIY UMITYIbca Ha anoge ®IY:

U(t) = —1_%((”(&%) et (2.3)
RaCo
rae Uy = eNpo. /Cy — aMIIIUTyna HANpPsZKeHUS IPH OeCKOHETHOM Rg.

U3 (2.3) Buano, uro, eciu 7 K R,C,, 10 umityibe Oyjaer Gsiu3kuiil K 9K-
MTOHEHIIMATILHOMY €O BpemeneMm crmaga R,C, u ¢ KOPOTKAM TepeaHuM (HpOH-
TOM IO ~ 7. Ilpu 3TOM MakcHMajbHAS aMIIUTYIA UMIIYJIbCA MTOYTH J0-
cruraer Uy. CoorBecTByomast ¢dhopmMa UMITYJIbCa TOKa3ana Ha Puc. 2.5 npwu
R,C,=10uCc u 7 = 1 HC.

Yrobbl nosyuanth Ha Bbixoge @Y uMIrysibChbl HYKHOM jyuresibroct T,
comporuBienne R, mogdwparor takum, utobnr T ~ R,C,. Ecan coenarn
R,C, ~ T wnum MeHbIle, TO BpeMs HAPACTAHUS WMITYJIbCA IO MAKCHMYMa,
YMEHBIITATCS, HO W aMILIUTY/1a UMITYy/Ibca Ha anome @IV He Oymer mocTurarh
MaKCHUMAJTBHO BO3MOXKHOrO 3uadenus Uy. DTa cuUTyanusi TPOULTIOCTPHPOBA-
na Ha Puc. 2.6, roe nmocrosiHHAs BPEMEHU AHOIHON menu 2 HC, IPU TOM K€
BPEMEHU BbICBEeUMBaHUs 1 HC.

B peaannoctr @Y mmeeT 3aMeTHBIN pa3dpoc BpeMeHH! MPOJIeTa 3JIEKTPO-
HOB, CBSI3QHHBIN C pa30pPOCOM CKOPOCTEli BBLIETA JJIEKTPOHOB 13 (DOTOKATOIA U
pa3IuYreM IapaMeTpoB UX TPAEKTOPHUil U3-3a HeIOCTATOYHON (DOKYCHPOBKH.
[Mosromy mazke OT MPHOBEHHON CBETOBOM BCIHBIIIKY B CIMHTHJLISITOPE HA AHO-
je @Y Oyner BOBHUKATH UMILYJIbC, pacTauyThiii Ha 1 — 10 He, nHaYe roBops,
DY 0061a1a6T KOHEYHBIM BPEMEHHBIM PA3PEITIEHHEM.

[Ipu ucmob30BaHNN HEOPTAHUIECKUX CIIHHTUILIATOPOB, CO BDEMEHEM BbI-
ceeunBanug 7 > 100 HC, daykTyanun BpeMeHH TPOJIETA JIEKTPOHOB UEPE3
@Y npakTUYECKH HE UTPaeT HUKAKOW POJIM, W BPEMEHHOE pasperienue Oy-
JIET OIPEJIeISIThCs BpDEMEHEM BbICBEUMBAHUSI.
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0.7f-------- 0.25]-------+

R,C,=10 nc, =1 nc
R,C,=2 He, =1 He

021
0.5

0.15F

~Um/u,

0.1

0.05F

Puc. 2.5: VMnyabc HanpszKeHUs Puc. 2.6: Umnynbc wanpszKeHus
Ha amoze ®IY upu 7 = 1 mc u Ha amome ®IY mpu 7 = 1 HC m
R,C, = 10 uc. R,C, = 2 uc.

Opranuyeckue CIUHTHILIATOPHI HAITPOTUB MOTYT UMETHh BPEMEHA, BHICBE-
YUBaHWS TOPSAIKA HAHOCEKYH/I, ¥ TOTIAa BpeMeHHoe pa3perieaue @Y neobxo-
JIIMO YYUTBIBATH TIPU ONPEIEIeHUA BPEMEHHON pasperamolieil crocobHocTu
CIMHTHILISAIMOHHOTO JETEKTOPA.

JlJist IJTMHHBIX CIUHTUILIATOPOB U CBETOBOJOB (~ 1 M) HEOOXOIUMO TaKIKe
yUIUTHIBATH pa3bpoc Bpemenu cbopa dhoronos Ha DIY.

2.1.2 Kpusag 3amep>kaHHbIX coBnaaeHuii (on-line)

Biok-cxema w3Mepenuil, peajn3yonias PeruCTPAIni0 COOBITHN B PEKUAME Ol-
line, mpuBeena ua Puc. 2.7. Cxema cobpaHa HA OCHOBE MOJLyJIel 371K TPOHUKN
B crangapre KAMAK npoussoacrea NA® CO PAH. Yupasienue 31eKTpo-
HUKOI U CYUTHIBAHNE HHGOPMAIUN TTPOUCXOIUT C TIOMOIIBIO KOMIBIOTEPa, (CM.
paznen 2.2).

Nmmynbest ¢ @AY nogarores Ha quckpumuaaropsr (/1) ¢ dukcupoBanHbiM
moporom peructpaimu. C TUCKPUMUHATOPOB UMITYJIbCHI 9epPe3 YIIPABJIsieMble
smnauu 3anepxkku (JI3) nogarorcs cHOBa Ha JIUCKPUMUHATOPBI Jist 1107HOp-
MUPOBAHU JIOIMYECKUX CUTHAJIOB, KOTOPbIe uiyT Ha cxemy cosuasenuii (CC).
Cxema coBmajieHnit cpabaThIBaeT MPHU MEPECeIeHNN UMITYIHCOB Ha €€ BXOJAaX.
Kommuaecrso cpabarsiBanmii CC m3amepsiercs caerdnkoM nmiyiabeos (I1C).

Paspemaromiee Bpemsi Bceit cxeMbl MOXKHO OIPEIE/IUTD 10 KPUBOH 3a1ep-
JKAHHBIX COBIIAJEHUI — 3aBUCUMOCTH CKODOCTH CYeTa OT 33JEPKKH OJIHOTO
KaHAaJIa OTHOCHTEJIHHO APYroro. Tunudnbiii BuJ KPUBOil 33/1€P2KAHHBIX COBIA-
nennii mokasaH ua Puc. 2.8.

B nannom ciydae pasperiaioliee BpeMsi CXEMbI IPUMEPHO PAaBHO CyMMe
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Puc. 2.7: Byiok-cxema n3Mepenusi B pexknme on-line.

AN

2T

At

Puc. 2.8: Kpusasg 3a/epKaHHbIX COBIAIEHUN.

JJIMTENLHOCTEH MMIIYILCOB OT AUCKPUMUHATOPOB, [IOCKOJIbKY pa3dpoc BpeMeH
MPUXOJIA UMILYIHCOB 0T PV 3HAYUTETHHO MEHbIIIE.

IIpu pacnage ampa °Co BruTeTaer qBa Y-KBaHTA MPUMEPHO PABHOI SHED-
ruu, m03TOMy 3 dMEKTUBHOCTh WX PETUCTPAIMY TOYTH OAuHAKOBA. Ecau Nj
— YHCI0 PACHaIOB B CeKyHY, {21 u (lo — TeJIeCHBbIE yIJIbl, TEPEKPHIBAEMbIE
CIUHTAUIAINOHHBIMYU CIETINKAMU, €1 U €9 — IGDMOEKTUBHOCTA PErUCTPAINH
~-KBAaHTOB, TO C HEKOTOPOil TOYHOCTBIO (Kaxol ?) CKOPOCTH CYera KarKIoro
KaHaJia;

Q
Ny = 2Ng—2¢,
4
Q
Ny = 2Ny—2¢,
4
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B npeanosioxKeHrH HE3aBUCHMOCTH HAIPABJIEHUIl BbLIETA 7Y-KBAHTOB CKO-
POCTB CYeTa NCTHHHBIX COBIAIEHNUI (PErucTpaliis caeTInKaMn 0OOUX y-KBAHTOB
OT pacajia OIHOrO s/pa) PaBHA:

& 2
Nucr = No——e1—¢€2 (2.4)
Y

CkopocTh cueTa CydaifHbIX COBMAJEHWH (permcrpamms pacrajioB JIBYX

siziep, TPOM30IIE IINX B pejienax BpeMenHoro paspeniennst CC — 27) paBHa:

NCJ'[ = 2’7’N1N2 (25)

Ny MOXKHO M3MEPUTh YCTAHOBMB 3aJIeP:KKY B OJIHOM KaHaJje OTHOCUTENIbLHO
JIpyroro 60Jblile ¢ HEKOTOPbIM 3allacOM, YeM T.
Wsmepus Nycr, Nex v 27, u3 (2.4) u (2.5) MOXKHO OLIPEJEIUTh AKTUBHOCTD

m3oroma %9Co:
Nen

- 4TNHCT

AKTUBHOCTH M30TOIIA, OIPE/IETEHHAS TAKUM 00PA30M, IIOJLY YUTCS HECKOJIb-
KO 3aHWKEHA, TaK KAK B YHCJIO M3MEPEHHBIX MCTUHHBIX COBIAIEHUI BONIYT
COBTIQIEHUS OT -y-KBAHTOB, PACCESHHBIX B OJHOM CUYETYUKE U 3aPETHCTPUPO-
BaHHBIX B JAPYIOM (OUEHUMb IHEP2UID Y-KEAHMOSE PACCEAHHUT Ha3al). s
UCKJIIOYEHUs TAKUX COBIAJIEHUN CJIEyeT MPOU3BOAUTH OTOOD UMITYJILCOB IO
AMILIUTY/IE € MOMOIIBIO AUCKpuMuHATOpa. OupeneauTb HyKHbIH HOPOr Juc-
KPUMWHATOPA MOYKHO CHSIB 3aBUCHMOCTH CKOPOCTH CYETA B KAHAJIE OT TIOPO-
ra JUCKPUMHUHATOPA. B pe3ysbrare moyduTCss WHTErPATbHBIN aMILIATY/THBII
cuexTp. Ero mpasbiit Kpail 1acT XapakKTepHYI0 MaKCAMAJIbHYIO aMILIATYILY OT
MPSMOro Y-KBAaHTa, KOTOPAs COOTBETCTBYET MAaKCUMAJBHOM SHEPIUU KOMIITO-
HOBCKOI'O 3JIEKTPOHA. TaK KakK aMILUIATYAAa B CIHUHTUJUIAIMOHHOM CYETYUKE
MTPOTIOPIINOHAJIHHA, SHEPTUU BBIIEJIMBITEHCS B HEM, TO BHIOPAB MOPOT IUCKPU-
MHHATOPA, COOTBETCTBYIOIINII SHEPTUN BBIIIE, YEM JHEPTUsST PACCESTHHOTO Ha-
31 y-KBAHTA, MOXKHO OTCEYb CPADATHIBAHUS OT TAKWUX Y-KBAHTOB.

IIpu neGombmoit akrusaocTu u3orona °Co HEOGXOAUMO yUUTHIBATL, YTO

No (2.6)

€CTb TaKzKe COBIIaJACHHA OT KOCMHUYECKHX YaCTHUI, KOTOPbIE IIE€PECEKAI0T 063
CYETYUKA [I0YTU OAHOBPEMEHHO (0yenums 3adeporcky). st ucKioueHus BKJa-
Ja “KOCMHYECKUX COOBITHIT’ HEOOXOINMO M3MEPUTh CKOPOCTh CYETa COBIAIE-
Huil 6e3 nzorona %°Co.

3amanus

1. Cobparb cxemy u3mepenuit na Puc. 2.7.

2. YcranoBuTbh pabodee Hampsizkenue na oboux @Y pasuoe 1800 B.
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3. CHATb 3aBUCUMOCTH CKOPOCTH CYETA B 000NX KAHAIAX, B 3ABUCUMOCTH OT
opora AUCKPUMHUHATOPOB MEPBOil cTaauu. BriOpars mopor Ha JIUCKPH-
MHHATOPAX TAKUM, YTOOBI AMILIATYIbI 11y MOBBIX UMITYJIbCOB U CUTHAJIOB
OT 7y-KBAHTOB OOPATHOTO pacCessHusi ObLIM HUXKE TIOPOra, JUCKPUMHUHA-
TOPOB.

4. TIpoBecTn m3MepeHWEe CKOPOCTH CYETA B 3aBUCUMOCTH OT 33JIEPKKH B
obomx KaHaJaX W MO KPUBOU 3aJEp:KAHHBIX COBIAJEHUN OMPEIETUTD
paspermniaoliee BpeMs CXeMbl COBIIaIEHUN.

5. I3MepuTh CKOPOCTH CUeTa MCTHHHBIX U CTyYafHBIX COBIAIEHHII OT 7-
kBanToB %°Co ¢ rTounocreio He xyxe 30% H OIpemeNUTb AKTHBHOCTD
u3oromal .

6. Oupesesntb 3pGEKTUBHOCTD PErUCTPALMU CYETYUKAMU Y-KBAHTOB U
CPaBHUTH C PaCcYeTOM.

7. C mOMOIIBI0 KAKOTO-TUO0 SKCIEPUMEHTa OTBETUTh HA BOMPOC: €CTh MUJIN
HET KOPPEJISINs MK Iy HAPABIEHUSMH BBLIETA, Y-KBAHTOB OT PACTIaIA,
60Co. O6bACHUTD TIOMTYIEHHDIH PE3y/IbTAT.

8. BprmosHuTH 3aJlaHUsd, YKAa3aHHbIE B TEKCTE.

2.1.3 N 3mepeHUe pa3HOCTU BpeMeH cpabaThIBaHUS CIIMH-
TUNAAIUOHHBIX CYETYNKOB

Bropas gactb pabOThI MOCBSIIEHA U3YIE€HUIO METO/IA, W3MEPEHUsT BPEMEHHBIX
WHTEPBAJIOB C MOMOIIBIO BpeMsa-TudPOBBIX Mpeobpa3oBaresieil. JKCIepuMeH-
Ta/bHAA YCTAHOBKA Ta, 2K€: JIBa, CIMHTUILIAIMOHHBIX cuerunka u uzoron 50 Co.
Cxema u3mepenuit npusenena wa Puc. 2.9 u TunuvHA IJIsT BHISBIECHUS Bpe-
MEHHBIX KOppeJsiuii B pexxume off-line.

B nanHOM ciiydae cxema MO3BOJISIET MOJIYYUTh PACIPEIEsIeHre 110 Pa3HO-
CTH BpeMeH cpabaTbIBaHus cIeTIHKoB oT Y-KBanTos %0Co m ompeenmnTs nx
BpeMenHoe pasperienne. Umiysibest ¢ DY uepes3 JUCKPUMUHATOPDI U JTHHUN
3aJIepKKHU IIOIAI0TCA Ha, BXOABI “‘crapr’ U “cror’ BpeMsa-mudpoBOro mpeodpa-
sosarens (BIIII), koTopblii u3Mepser BpeMms 3aJepKKHU CUrHAI “cTom” OT-
HOCUTEILHO “‘cTapTa’. B ciayvae, eciu curuas “‘crapt’ mosBUIICH, a ‘cTom’ He
npuries, BIIIT Boigaer nekoe dukcupoantoe usmepenue (okosno 3000 kana-
sos BIIIT), koropoe He HANO yuuThIBATH HPU 0OPADOTKE PE3YJILTATOB.

1He 3a6y,que y4eCTh BKJIaJ KOCMHUYCCKHUX YaCTHUL B CKOPOCTH CYETd UCTHUHHBIX COBIIA-
nenuit. CKOpOCTh cYeTa CIydaliHBIX COBIAJAEHUI HAJI0 IPOU3BOAUTL B T€YEHHE JOCTATOUHO
60/1bIOr0 BpeMeHu, 9T00bl Yncyao cobbiTuil 661510 Gosee 10.
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Puc. 2.9: Biok-cxema u3mepenus B pexkume off-line.

Samannsa

1.

2.

Cobpars cxemy m3mepennii Ha Puc. 2.9.

BrIGpaTh MOpOr AUCKPUMHHATOPOB MEPBOIT CTAMH, 9TOOBI OH COCTABIIA
OPUOIN3NUTEIHHO MTOJIOBUHY OT MAKCHMAJIbHOM aMIUIATY/IbI BBIXOTHOTO
curnasna (0ObsCHEHHE JJAHO B IIEPBOIi YacTu PaboOThI).

Tlomobpars 3amepkKy B KaHaje “‘CTOI’ OTHOCHUTE/NIHHO KaHasa ‘ctapr’,
4T00bI ObLT BHJIEH MK BO BPEMEHHOM CIIEKTPE, MOJIOXKEHHE KOTOPOro
MeHsIeTCsT TTPW W3MEHEHWN 3aJepyKKu. st ompeenenus MeHbl KaHaIa
BIIII B nanocekyH/1ax BBECTH M3BECTHYIO 33/I€P:KKYy B KaHAJIBI ‘cTapT’
uin “cTor’ W M3MEPUTH CMEIEHNE MHKA.

Habpars Bpemennoit ciexkTp ot BIII, mony4ants pacmpenesienue pa3Ho-
cTH BpeMeH cpabaThIBAHUS CIUHTALIAINOHHBIX CIETINKOB OT Y-KBAHTOB
60Co. M3MepuTh MMPUHY HA HOIYBLICOTE HABJIIOIAEMOrO HHUKA B HAHO-
CEeKYH/IaX.

Ilepeuncantsb 3¢ ek, Fafompe BKIaL BO BPEMEHHOE PA3PEIIeHNe IKC-
MEPUMEHTA.,.

2.2 OmnwmcaHue mporpaMMHOro obecrnedeHus

Jtst ympaBiieHus 3J€KTPOHUKON MCIOB3YeTCs CIEeIuaabHAs IPOrpaMMa, Ha-
[UCAHHAS HA OCHOBE Cpeipl s anamm3a dusmdeckux ganusix ROOT [4].
Omna nossosisier ynpapjiarh scemu Ookamu KAMAK ¢ moMoIIb0 HATJISITHO-
ro rpaduueckoro nosb3osaresibckoro uurepdeiica (I'TIN), uzmepsaTs yacrory

32



© www.phys.nsu.ru

Lrens | po3o2 BOBOB BOBOE CO308 CO301 C0303 BO30& KoBo7?
Lzt | Diser Liza Liza Counter ToCd HVS
Ch off|Ch | @ 1 5 chi Channel 1
10 ||| 50 @2 e} O
(| my o3 0 @)
[ Ier — Cohz 1800 v
= 0
o5
Ch1|[Eh Paps o ch3 !
C BCYC! ®®| - 2.
il [[mv i o | <f
o8 Cha
[ | AND = 2
| mask 1}
Ch 2/([ch 2] 0x03 L Channel 0 =
10 ||| 50 0 O
my || mv — (€]
ev
|| Cll 0 1800 V'
— Oz Time| -
ch|chg oF 1 >
‘\Uj 5?/ o4 1 start
- m sec
OR (-
li mask BE reset]
— o0

Puc. 2.10: I'maBHOE OKHO yIPaBJLIONIEH TPOTPAMMBI.

3arpy30K C MOMOIIBI0 CIETINKA UMITYJIHCOB, HAOMPATH THCTOIPAMMY BPEMEH-
Horo pacnpegenenusi ¢ BIIII u ananusupoBarh ee, UCIONMB3Ysl CTaHIAPTHBIE
cpeacrsa I'TIN ROOT.

Ha Puc. 2.10 nokazan Bug okua I'IIU yupasasiomeit nporpammbl. B okne
TMPAMOYTOJILHUKAMU U300paskensbl naTepdeticot ynpasaenus 6aokavmu KAMAK.
OTHOCUTETBHBIN Pa3Mep W PACIOJIOXKEHNE MPSMOYTOJIbHUKOB COOTBETCTBYET
MO3UIUU U MIMPUHE COOTBETCTBYIONINX OJIOKOB 3JIEKTPOHUKHU B Kpeiite KA-
MAK. Kpowme Toro, MHOroKaHajabHbIE OJI0KM UMEIOT HHTePQEHCh yIIpaBaeHus
KaHaJaM#, KOTOPblEe I'PadpUIecKu PACIIOJIOXKEHbl B COOTBETCTBUE C bu3mte-
CKMM PACIOJIOXKEHUEM KaHAJIOB Ha JIMIeBOil naHem 0J10koB. MHTepak TuBHbIE
smemenTsl I'TIV cTangapTHBI ¥ BKIIIOYAIOT: KHOMKA, PAIAOKHOIKH, TIEPEKJITIO-
JaTejIu U TEKCTOBBIE TIOJIsi. ¥ IPABJIEHUE TTPOrPpaMMOil TpedyeT 0A30BbIX HABBI-
KOB paboThl ¢ rpadpuIecKuMu nHTepdeiicamm.

Hanee uaer onucanue ['TIN yupasiienust ornenpabivu Ookamun KAMAK.

e Uurepdeiic ynpasienuss BBU (B0308, 2 kanasa) cocrout u3 TeKCTOBO-
'O [OJI4 JJId YKA3aHUsl HALIPSAZKEHUs B BUJE €100 YUCIIA BOJIBT, KHOIIKU
On/0ff nns BrIOYeHWs /BbIkaoYennst BBU, knonkn reset mist copoca
cocrosiauii neperpy3ok BBU (kak mpaBuiio, He UCIOIb3YETCsT) U 9JIEMEH-
TOB JjI OTOOPaXKEHNs TEKYIIEro COCTOSHUA: 3HAYEHNE YCTAHOBIEHHOTO
Hanpsizkeauss 1 waaukaTop ON/OFF. [locme BRIOUeHHsT W 3aaHUs pa-
604ero HaIpPsKEHUs IPOUCXOIUT IMOCTEIIEHHBI MMObEM HAIPAXKEHUS,
KOTOPBIA AINUTCS OKOJIO MUHYTHI. B TeueHwme 3TOr0 BpeMeHW WHINKATOD
ON mmeeT >KeJITHIN IBET, a MOCJe CTAHOBUTCS 3€JIEHBIM.
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Buiok mauckpumunaropos (D0302, 4 kanasa) ynpaB/sgeTcs ¢ MOMOIIbIO
TEKCTOBOTO TIOJIs, /i€ BBOJUTCS 3Hadenue nopora B MB, nagnnas ¢ 10 mB
u marom 5 mMB.

Uurepdeiic yupasnsiemoit aunuu 3anepxkku (B0608) umeer TekcroBoe
10JIe It BBOJI 33/1eP2KKU B 1esibix HC 0T 0 J10 60 HC 1 j1Be KHOIKY 115
TTOHM>KEHNST W TIOBBIMIEHNS 3aIePKKHU Ha, 1 HC.

Nurepdeiic cxembr conagenuii (C0308, 8 BXOJ0B U 5 BBIXOIOB) MMe-
er rpynny u3 8-Mu nepeksroudareseil mia mabopa macku “N7 (“AND”)
no 8-Mu Bxomam; 4 KHONKH J7IsT BLIOOPA HOMEPA BBIXOJA, I KOTOPOTO
npousBoauTcsa Habop macku ‘U, 4 mepeksodarensa s Habopa mac-
ku “UJIN” (“OR”) no 4-m BbIXOJAM Al LOJAYM HA LATbIA BbIxOJ, (HE
nokazan B unTepdeiice).

Uurepdeiic cuérunka nmmynbcos (C0301, 8 kananos mo 16 pas3psaaos)
UMEET OHO TEKCTOBOE TIOJI€ BBOJA JJIS YKA3AHUS BPEMEHW CUETa, WM-

yJILCOB B IIEJIBIX CEKYHIaX, ;Ly6nnpyeMoe ABYyMAd KHOTTKAMU JIJI1d THKPEMEHTa-

JIEKPEMEHTa I1epUoJia, a TAKKe KHOIKY JJIsl 3allyCKa BPeMeHU CUéTa.
IIpu BBOKE Hy/IEBOIO BpeMeHU CUETYUK OIPAlIUBAETCs U cOpachiBaercs
B HEIPEPBIBHOM IHKJIE KAXKIAYI0 ceKyHay. Ompoc COCTOAHHA CIETIUKA
TIPOUCXOIUT OJTHOBPEMEHHO TIO BCEM KaHaJIaM, M Pe3YJIbTAT BBIBOIUTCS
B 8 COOTBETCTBYIOIIUX IOIIX.

Baox BIIIT (C0309, 4 kaHaja) CYNTHIBAETCS OJHOBPEMEHHO IO BCEM
KaHasmaM. 4 PAJUOKHONKYU CIY¥KAT JJs BbIOOpAa OTOOPAXKAEMOro KaHAa-
sa. JIyisi BBIGPAHHOIO KAHAJIA BBIBOJIUTCS OT/IETLHOE OKHO C BPEMEHHOMN
rucrorpammoit (06bekr ROOT TCanvas), koropoe nepuogudecku 00-
HOBJISIETCST BO BpeMsi HADOpa CTATUCTHKH. 3aIyCK W OCTAHOBKA HAOOpA
CIIEKTPA TTPOUCXOIUT OHOM KHOMKOM start/stop. COpOC HAKOILTEHHBIX
CIIEKTPOB OCYIIECTBJISAETCsS KHOMKON reset.

O6paboTka n npeacTaBJEHUE PE3YJIHTATOB

- Hpe,ZLCTaBI/ITb Ta6m/1uy C U3MEPEHUAMMN CKOPOCTHU CY€Ta B 3aBUCUMOCTHU

OT 3a/ep:KeK B 000X KaHAJAX. Y Ka3aTh BHIOPAHHBIN TIOPOT JUCKPUMU-
HaTOpA.

HapucoBars KpuByio 3a3/€pKaHHBIX COBIAIEHUN: 3aBHCHMOCTH CKOPO-
CTH CUETa COBIIQJEHUN OT 33/IePKKH IIEPBOTI'O KAHAJIA OTHOCUTEIBHO BTO-
poro. IlpuBecTn u3MepeHHOe pa3perniaioInee BpeMsi ¢ OMMUOKOIA.

Vkazars akrusaocth n3orona °Co ¢ omubKoii.
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4. PacneuaraTh monmyuusmmuiica BpemerHoit ciekTp ¢ BIII, mpusecTn neny
KaHaJIa ¥ W3MEPEHHOe BPEMEHHOE Pa3pelleHwme.
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Jlaboparopnas pabdora Ne 3

I'azoBblii HNJIMHAPUYECKNA CUETUYNK

BBenenue

B nannoii pabore mcciemyercs ra30BbI IMUJIMHIPUIECKUNH CUETIHK, COCTO-
AMAH W3 METAJIIMYECKOr0 MWJIMHIPWIECKOr0 Karoja auamerpom 20 MM u
aHOIHO# TpoBONOUKH AuameTrpoM 0.05 MM, PACIOIOXKEHHON HAa OCH IHJIWH-
apa. IlpocTpancTBo Mexk/y KaToOIOM W aHOJIOM 3aIOJIHEHO I'a30BOH CMECHIO
upu arMocdepHOM JaBJIeHUuH, COCTOsALIEIl 0ObIYHO 13 6JIAropoHOro ra3a (ap-
POH, HEOH, KPUTITOH) ¥ MHOTOATOMHOI Oprannveckoii o0asku (M300yTaH, Me-
TaH, 9¢bup, H-NeHTaH u T.1.). MeX Iy KaroJoM U aHOIOM CO3AeTCs PA3HOCTD
TOTEHITUAJIOB, BEJIMINHA KOTOPOil BHIOMPAETCH B 3aBUCHMOCTHU OT PEKUMA, Pa-
60THI CYETYNKA: NOHU3AIMOHHAS KaMepPa, TPOIMOPIUOHAIBHBIN, CTPUMEPHBIH,
leiirepa—Mirosepa, HCKpOBOA.

Ha puc. 3.1 npuBenena 3aBUCUMOCTD TOKA, ¢ AHOIHON MPOBOJIOYKH OT TIPHU-
JIOXKEHHOTO HAIPSAXKEHUs MpY OOy IEHUN CIETUNKA, (-JACTUIIAMU U IJIEKTPO-
mamu. B obsactu 1 3/1€eKTPOHBI ¥ MOHBI IEPBUYHON MOHW3AIUHU YCIEBAIOT Ya-
CTUYHO PEKOMOMHMPOBATH 33 BpeMs Apeiida B 3a30pe MKy KaTOIOM U aHO-
nom. Ilpu yBesimyuenun pasHOCTH MOTEHIIMAJIOB BEPOATHOCTH PEKOMOMHAIIAN
YMEHbBIIIAETCs, 9T0 HPUBOAUT K pocry Toka. OQbsmacts I HazpiBaioT 001aCTHIO
pekomomHanuu. B obmactn II mporeccamu peKoMOMHAIINA MOYKHO MpeHeOpedh
¥ BCs TIEPBUYHAS MOHUIAIHS TOXOIUT 10 JIEKTPOIOB, U TOK C AaHOTHON MTPOBO-
JIOYKH HE MeHsSeTCs. B 9TOM nuamna3one HANPSKEHUH MUIHHIPAIECKUI CIeT-
9HUK PabOTaeT B peKUMe HOHU3AIMNOHHOM KaMepbl. B obactu I1la maunnaercs
uporece ra3osoro ycusenus [1]. B pesysibrare 3moro 1ok ¢ aHOAHOI 1IPOBOJIOY-
KU HAYUHAET JKCIOHEHIMAJHHO BO3DACTATH B 3ABUCHUMOCTH OT HAPSIXKEHUS
Ha, CYETYWKE, IIPU ITOM CHUTHAJ C AHOIHON MPOBOJIOYKH ITPOMOPIIMOHAJIEH Be-
JINYWHE IEPBUYHON nonun3amnuu. B 00/1acTi OrpaHn9eHHOM TPOMOPIMOHATBHO-
cru IIIb mpomoprimoHaIbHOCTE HAPYIIAETCS W3-3a MPOCTPAHCTBEHHOTO 3aPsiia,
BOJsin3u aHomHON mpoBosiodKu. Jlasiee, B 3aBUCHMOCTH OT COCTaBa ra3a, HC-
TTOJIB3YyEeMOI'O B CHETYUKE, BO3MO?KHBI JIBa PEKNMa pa6OTbI. B EepBOM CJjiy4dae
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u3 00JIaCTU OrPAHUYEHHONW TPOITOPIIMOHAIHLHOCTH CYETUNK TIIABHO MTEPEXOIUT
B pexkuM leitrepa-Miosepa (IV), npu 3T70M curHas ¢ aHOAHOI MPOBOJIOYKY
HE 3aBUCHUT OT BEJIMYUHBI MEPBUYHON MOHU3AIME. YKa3aHUEM HA HAYAIO 00-
sactu Teiirepa-MioJjuiepa MOXKHO CYATATH TO OOCTOATEIBCTBO, YTO BEJIMINHA
UMITYJIBCA JIJIs 9aCTHUIl C PA3HON MOHU3UPYIOIIEH CIIOCOOHOCTHIO, TAKUX KAK (-
¥ [-9aCTHIlbI, CTAHOBUTCS OJWHAKOBOW. BO BTOpOM CiIydae mpu yBeIHYEeHUU
HANPSIKEHUS HaDTIOJAETCs CKAYKOOOPA3HOE YBEJUYeHNe aMILTUTY/IbI CUTHA-
JIa C AaHOIHOM IMPOBOJIOYKH U €ro JAJbHEHIINH SKCIOHEHITUAIbHBIH pocT. [Tpu
9TOM 3aBUCHUMOCTDH AMILIATY/Ibl CUTHAJIA C AHOAHOM IPOBOJIOYKN OT BEJIUIHHDI
MTEPBUYHON MOHW3AINU U THUIA YACTHUIHI UCUE3AET. ITOT PEKUM HABHIBACTCS
crpuMepHbiM — objiacts V. Ilpu manbHeiimem yBeJwdeHUr HAMPSKEHUS B
CYETUMKE 3arOpaeTcs pa3psiJi WA MPOUCXOIUT UCKPOBOI mpoboit — obracTh
VI.

IMoupobuee pexkumbl pabOThI ra30BbIX CYETYUKOB omucanbl B [1], 1. 4.
Crarbs [2] maer 0630p nMccaeI0BaHM CTPUMEPHOTO PEKUMA.

3.1 Omnwucanme ycTaHOBKH

3.1.1 Wcnooasyemoe obopyaoBaHUIe

B pa6ore ucrosib3dyercs ABa ra30BbIX HUJIMHIPUIECKUX CHETUUKA, COCTOAIIMX
W3 MeTaJLUINIecKoro Karoja muamerpoM 20 MM W aHOJHONW TPOBOJOYKHA W3
TTO30JI0YEHHOTO Bosbdpama auamerpoM 50 mMm. Caerdnkn pabOTaOT HA Ta-
30BO¥ cMmecn aproH-u300yTaH B coorHomenun 70:30 mpu armocdepHOM 1aB-
aenun. Ouu pacnosioxkenbl B Merajsmdeckom kopobe (Puc. 3.2). Tpy6ka 1
obstyuaercs usoronom “SFe (ramma-ksaurbl E, = 6 k3B), a tpy6ka 2 uso-
toriom Y0Sr (3;1eKTporsl Epax = 2.3 MaB). Boicokoe HampsisKeHne TomaeTcs
Ha, TIPOBOJIOYHBIM AHOM CYETINKA, a C JAPYTOro KOHI@ IMPOBOJIOYKYA CHUMAET-
Csl CUTHAJI, KOTOPBIi TIOCTYNAeT Ha BXOA npeaBapuresbuoro ycusiuress (ITY),
PACITOIOKEHHOTO B 9TOM 2Ke Kopobe. s Toro, 9robbl m36eKaTh OrpaHmde-
uug ycustenus 11V, 10 Hero curuast ¢ HIpOBOJIOYKH MOXKET OBITH JOIIOJTHUTEb-
HO ocyiabiyien pesuctuBHbIM genutenem. C Bexoma [TV mapadasubiii curaan
Mo BUTON Tape B 3kpaHe moctymnaer B 6jok TA, roe oH JIOMOTHUTEIBHO YCH-
JINBAETCA W TOJAETCS Ha JUCKPUMHUHATOP ¢ (DUKCHPOBAHHBIM moporom. Ha
nepegHeil nanean 6;10Ka ¢ BBIXOMa A MOXKHO HAO/IIOATH YCUTIEHHDBINH CUTHAI C
AHOJTHOW MPOBOJIOYKH, & C BBIXOAA T — JIOrMYecKuil CUrHAJ MOCJIe TUCKPUMHE-
naropa. Curaas ¢ BeIxofa A depes3 yupapiisieMblit aTTEHIOATOD MMOJAETCH HA
BX0/1, 3apsan0Bo-udpoBoro npeobpazosaresa (3LIIT), a oruyeckuit curuam —
Ha GOPMUPOBATEH JIOTHIECKUX UMITYJIHCOB, KOTOPBIN BBIIAET YIIPABJISIONINI
curnan “opora’ mias SIIIT.

B pa6ore ucnonb3yorcs moayin aekrporuku B crangapre KAMAK npo-
uzBojicrBa MAD® CO PAH. Yupasiierue 31eKTPOHUKON U CIUThIBaHue WHMOP-
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Puc. 3.1: 3aBucuMOCTh YHUC/IA 3aPETUCTPUPOBAHHBIX MOHHBIX MAp OT MPHUJIO-
JKEHHOT'O HANPSKEHUS [JIsT (-9aCTUIl U JIEKTPOHOB B IUJIMHIPUIECKOM Ta-
30BOM cuérumke. | — obmacth pekomOuuarmm; II — pexxuM HOHM3AMOHHO
kamepsr; [Ila — obmacts nponopnuonanbuoctu; 1116 — obmacTs orpannaeHHoOi
mporopiinonanabaocT; IV — pexum [efirepa-Mromnepa; V — cTpuMepHbIii pe-
xum; VI — obiacts pa3psia.
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Puc. 3.2: Cxema ycraHoBKH

MaIliK TPOUCXOJHUT C TIOMOIIBI0 KOMITBIOTEPA.

C TOMOIIBIO ATTEHI0ATOPA MOXKHO YIPABIATH AMILIATYI0W CUTHAJIA TOCIE
[IPELyCHIATENsA, OCAa0sgsd ero Ha 3aJaHHOe KOJUYECTBO JeIubes C MIarom
3 1b. MakcumanbHOe ociabjeHne OJHOrO aTTeHaropa cocrasiaser 45 nb.
OTO HY2KHO JIJIsd COIJIACOBAHUS aAMILIUTY/Ibl CUIHAJIA C JMHAMMYECKUM JUalia-
zorom 3IIII. OTHOmEHNE aMIIUTYIBI HA BBIXOAE aTTEHIATOPA K AMILIUTYIE
Ha, BXOz€e maercs (popMyIoit

Aout _ 10_% 7
Ain

rae D — ycranoBsieHHnoe ocaabienne B enubesax.

Biok 3U® umeer aBa KaHAJA, M3 KOTOPHIX UCIOIb3YETCS OIMH B KAYECTBE
dbopMupoBaTens JOTMIeCKuX UMITYIbCOB. BJIOK ciyxut ajs HhopMuUpOBaHUS
yupasstorero curaana (sopor) 3T, B Teuenne koroporo 3T uarerpupy-
er Bxoxuoi curuas. Ilpu 3amycke ynpasisiomeil mporpamMmbl JINTEIHHOCTD
YIIPABJILIOIIEr0 UMILY/IHCA YCTAHABJIMBAECH B IIO/IXO/SAINEE 3HAYCHUE.

B pabore Takke mmeeTcst OCIUIIOrpad, ¢ MOMOMIBI0 KOTOPOr0 MOYKHO Ha-
OJII0JATh CUTHAJ CO CUETUHKA.

3.1.2 Omnucanme MporpamMMHOTO OobecliedYeHns

s ynpaBjeHus 3JIeKTPOHUKOM UCIOJIB3YEeTCs CIelralbHas MporpaMMa, Ha-
[UCAHHAs HA OCHOBE cpeJibl [yt ananu3a dbusndeckux ganubix ROOT [3]. Ona
no3BoJiger yupasisarh Bcemu 0siokamu KAMAK ¢ nomonipio HarisaHoro rpa-
buueckoro nonb3osarensckoro unrepdeiica (TIIN), nabupars rucTorpaMmy
ammuTyaHoro pacupenenenus ¢ 3111 u anaau3upoBarh ee, UCIOIB3ysT CTAH-
maprubie cpencrsa ['TIM ROOT.

Ha Puc. 3.3 nmokazan Buz okua I'IIU ynpasnsiomeit nporpammbl. B okme
[IPAMOYIOJIbHUKaMU 1300pazKeHbl uHTepdeiicel yupapienus 6okamu KAMAK.
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Puc. 3.3: I'naBHOE OKHO yHpaBJIAIONIEH MPOTrPAMMBI.

OTHOCUTEBHBIN pPa3Mep W PACIOJIOXKEHNE MPSMOYTOJIbHUKOB COOTBETCTBYET
MO3UIUU W MIMPUHE COOTBETCTBYIONIUX OJIOKOB 3JEKTPOHUKHU B Kpeiite KA-
MAK. Kpowme Toro, MHOroKaHajabHbIE OJI0KM UMEIOT HHTePQEeHCh yIIpaBieHus
KaHAJIAME, KOTOPbIE IPaDUIECKU PACIOIOKEHBI B COOTBETCTBUU € (hU3nde-
CKUM DACIOJIOXKEHNEM KAHAJIOB Ha, JINIIEBON maHe un 0J10KOB. VIHTepak TUBHBIE
smemenTsl I'TIV cTangapTHBI ¥ BKIIIOYAIOT: KHOMKA, PAIAOKHOIKH, TIEPEKJITIO-
JaTejIu U TEKCTOBBIE TIOJIsI. ¥ IPABJIEHUE TTPOrpaMMoil TpedyeT 0A30BbIX HABBI-
KOB paboThl ¢ rpadpuIecKuMu nHTEpeiicamm.

Hasnee naer onucanue ['TIN yupasisienus: oraenbubivu 6mokamun KAMAK.

e Uurepdeiic ynpasienuss BBU (B0308, 2 kanasa) cocrout u3 TeKCTOBO-
10 [OJI4 JJId YKA3aHUsl HALIPAZKEHU s B BUJIE €100 YUCJIA BOJIBT, KHOIIKU
On/0ff nus BRIO9YeHWs /BbIkIoYenHnst BBI, knonknu reset mist copoca
cocrosiauii neperpy3ok BBU (kak npaBujio, He UCIOIb3YETCsI) U 9JIEMEH-
TOB [ OTOOPaYKEHUs TEKYIIEero COCTOSHUSA: 3HAYEHNE YCTAHOBIEHHOTO
Hamnpsizkeauss 1 waaukaTop ON/OFF. Ilocme BRItOUeHHsT W 3aIaHus pa-
604ero HaIPsAXKEHUs [POUCXOIUT IMOCTEIEHHBI [MObEM HAIPSXKEHUS,
KOTOPBIA AIUTCS OKOJIO MUHYTBHI. B TeueHwme 3TOr0 BpeMeHW WHINKATOD
ON mmeeT >KeJITHIN IBET, a MOCJe CTAHOBUTCS 3€JIEHBIM.

e YcraHoBka ocyabienus arrenioaropa (A0608) Bo3moxHa OO € TIOMO-
IIHIO TEKCTOBOTO TIOJIS, T/Ie BBOIUTCS 3HAYECHNE OCTA0ICHNUS B TEIHOETaX
KparHoe TPéM, Jubo JABYMsS KHOIKAMHW JIJisi MOHWYKEHWST W TTOBBIIIEHUS
ociabsienus Ha 3 1B, 00 YeTHIPEXPA3PAIHBIM [EPEKITIOYATEIEM JIJIs
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nobasrenus Beaunaud 3, 6, 12 u 24 1b.

Uurepdeiic 6aoka 3UDP (D0302, 2 kaHajia) UMEET TEKCTOBOE I10JI€ JJIst
YCTaHOBKH OJIATEJIBbHOCTH YIIPABJJIAIOIIErO CUT'HaAJIa B MHKPDOCEKYHIAX C
TOYHOCTBIO 10 JECATHIX.

IIporpamma cuurbiBaer oxnopemento sce Kanasibl 3IIT (C0312). Un-
repdeiic 3UIT umeer 4 pajmOKHONKK Jjist BbIOOpA KAHAJA, JIJIsi KOTO-
POT0 OTOOpArKAETCS AMILIUTYIHBIN CIeKTp. IIpu 3TOM BBIBOAUTCSI OKHO
¢ rucrorpammoii (06bekT ROOT TCanvas), 0OHOBJISAIOIIEECHT KAaXKIYIO
CeKyHIy B Tedenwe Habopa crarucTuku. Hadamo M OCTaHOBKA CYUTHI-
Bauus 3IIIT npoucxoauT mo miendKky Ha KHONKe start/stop. Knomka
reset mo3BojIgeT COPOCUTH HAOPAHHDBIE THCTOIPAMMBIL.

Saganuga

CHATH AMILIMTY/IHbIE CHEKTPBI C AHOAHOM IPOBOIOYKH ¢ u3oTonoM °°Fe
Ha Tpybke 1 HaumHas ¢ Hanpskenuns Ha cuerunke 1.9 1o 2.7 kB ¢ ma-
rom 100 B. Usmepenunsa npoBoanTh cormacHo cxeme Ha Puc. 3.4. Tlon-
oupass KodpdummeHT ocaableHns Ha aTTEHIATOpe, J0ONTHCS Habopa
criektpa Ha SUII. [Tpu 6onbmux aMmnTynax B cI4éTanke 1 HEOOXOIUMO
HCIOIB30BATh PE3UCTUBHBIN JEJUTENb PACIOIOKEHHBI BHYTPU KOPO-
0a m BKJIIOYAIONIUiica TyMOIepoM Ha JIHNEeBOi cropone kopoba. Heob-
XOIUMOCTH €r0 UCTOJIB30BAHUS OnpeneuTe 1o ociuiaorpady. [pu go-
CTATOYHO OOJIHITIOM HAPSAXKEHUN TTPOKAIMOpyiiTe oc/abaeHne neIuTes
0 AMILIUTY/IHBIM CIIeKTpaM. Pacnedarars moJiydeHHbie CekTphl. larh
00bsICHEHUE N3MEHEHUIO AMILTATY/IHBIX CIIEKTPOB B 3aBUCUMOCTH OT Ha-
MPSZKEHMUS.

O/ pa3 orkamubpoBarh nosoxkenue nbegecrana LTI, orkioans ero
BXOJI, [IPU HAJIMYHH U30TOIa Ha TPpyDOKe. [Tonoxkenue nbeaecraia g0KHO
YUIUTBIBATHCS TPU 00pabOTKE BCEX AMILIUTYIHBIX CIEKTPOB.

Wcnonw3ys muk, BOBHUKIMNN OT TOTJIOMIEHUST 6-KIBHOTO TaMMa, KBAHTA
m3oTomna, °°Fe, mocTponTh B J0rapudpMIIECKOM MACIITAbe 3aBHCHMOCTD
k03 duIneHTa ra30Boro yCUJIeHUsI OT HAIPSXKEHUS B TPOIOPIIHOHAb-
HOM U CTPUMEPHOM PeRUMAax Ha 0HOM rpaduke. OObsICHUTD TPOIECCHI,
[IPOUCXOSAINNE B CIETIYNKE B PASJIMIHBIX PEKUMAX PAOOTHI.

. HHocrpours 3aBucumMocTh aMILIMTYAHOrO paspeinenus cuerdnka AA/A

OT HATPSIYKEHWS [IJIsT TTPOTIOPIIHOHAILHOTO U CTPUMEPHOTO PEXKUMOB Ha,
omuom rpaduke. AA — muUpHHA MHKA HA TOJyBbicoTe, A — cpeamHee
3HAYEHNE AMILIATYIHI.
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Puc. 3.4: Cxema perucTpupyomeii 3JIeKTPOHUKA

5. 3apucoBaTh GOPMY UMIIYILCA € AHOTHOI IPOBOJIOUKH OT H30TomoB *°Fe
(7) m 99Sr (B) B IPONOPIIMOHATLHOM U CTpUMEpHOM pesknMax. CpaBHATD
¢opMy cHrHaANIa OT 3JTEKTPOHOB M raMMa KBAHTOB B O0JIACTH IIPOIOP-
HUOHAJILHOCTH. eM onpeesserca JIUTeJIbHOCTD HePEJTHero U 3a/IHero
dponura nmmyasca? Ilponabmogars n3menenre (GOpMbI UMIYILCA TPH
HepexoJie B CTPUMEDPHBIH PEsKIM.

3.3 OrTuer o pabore

OObsicHuTh MexaHu3M 00pa3oBanus, apeiida u yCuIeHns: HOHU3AIMWYN B Ta30-
BOM IMJIMHAPUYECKOM CUYeTUYHKe, OCOOEHHOCTH PAa3HBIX PEKUMOB €ro paboThl,
oramane (GOPMbI UMITYJILCOB TIpH 00Iydenun n3oronamu *°Fe u 99Sr.

s ordera BHIOOPOYHO PACIEUATATH AMILTUTYIHBIE CIIEKTPHI HJLTIOCTPHU-
pyfoliye MpOMOPIUOHAIBHBIR U CTPUMEPHBIN PEXKUMBI, & TaKXKe MePexoj u3
oxmoro B Apyroit. [lokazaTh pe3yabTaT BHITOJHEHNS 3aJa M.
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Jlaboparopnasa pabora Ne 4

I'ogockon n3 crpuMepHBIX TPYOOK

BBenenue

CrpuMepHBIii pe>KUM ra30BOro pa3pdaaa

TpyOku, paboTaronye B OrPAHUYEHHOM CTPUMEDPHOM DPeXKuMe (CTpUMepHbIE
TpyOKH), — OIHA U3 PA3HOBUIHOCTEI JIETEKTOPOB 3aPIKEHHBIX YACTHUIL, K-
POKO MPUMEHSOMASCS B HACTOAIIEE BPeMs B IKCIEPUMEHTAX 10 (PuU3nKe Bbi-
COKUX JHEPrui.

Tpyb6ka cocrour u3 nuiauHAPUYECKOro (uiau apyroit hopmbl) Karosa, 10
oCH KOTOPOT'O HATSIHYTA TOHKAS MPOBOJIOYKA-aHO/I. [Ipn MaIbIX HAMPSKEHUSIX
TaKoi mpubop paboTaeT B peKMMe HOHU3AIMOHHON Kamepsl. IIpu yBennvyennn
HAMPsKEHUs TPOUCXOAUT MEPEX0/I K MPONOPIUOHAIBHOMY PEXKUMY, 3aTeM K
refirepoBCKOMY pa3psiLy u ucCKpoBoMy mpoboio. B konme 60-x romos 66110 06-
HaPY2KEHO, YTO [IPU OIIPEIEIEHHOM 1000Pe Ta30BOi CMEeCH U IUaMeTPa AHO/I-
HOI TIPOBOJIOYKH, TEHTEPOBCKUIT MEXaHW3M He pabOTaeT, a pa3BUTHE Pa3PsIa
MIPOUCXOJUT JPyruM crrocoboM. HoBbIH MeXaHN3M Ta30BOTO pa3psijia MOy drJI
Ha3BaHue cTpuMepHoro. CTpUMEpPHBIH PEXKUM OTJIMYAETCst GOJIbIUME (IO JI-
ka 1 MA) u koporkuMu (mopsinka 100 HC) EMITYyIbCAME B OOBIMHO JOCTUIAETCS
B KaMepax U CYETYUKAX C OTHOCUTEJHHO TOACTHIME (mopsaka 100 MKM) aHO-
HBIMU TTPOBOJIOYKAMHU TIPU OOJIBIITIX KOHIIEHTPAINSIX OPTAHMIECKUX T00ABOK,
XOPOITIO TOTJIONAMKX (POTOHBI. 11oapobHBIiT 0630p MexaHu3Ma W CBONCTB
CTPHMEPHOTO PesKMMa, MOXKHO Haiftw B [1, 2].

CrpumMmepHble TPYyOKU KaK KOOPANHATHBIE JI€TEKTOPBI

Yacro, kpoMme camoro akTa IIPOXOXKIEHUS YaCTUIbI, TpebyeTcda elne u3Me-
) )

PUTH KOOPAMHATY [POXOXKIEHHUsI YaCTHUIIBL Yepe3 JeTeKTop. B Hacrosinee Bpe-

Ms Pa3sBUTO MHOI'O METOJMK /I OIIPEJE/IeHUsl KOOPJAUHATLI B CIPUMEPHDBIX
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Tpybkax. K nanbosiee n3BeCTHHIM MOYKHO OTHECTH CJIe/Tylomue! :

e onpezesnenne koopaunarbl B pexxume JA-HET (mo momepy cpaboras-
meii Tpy6kn) [3];

e onpejeeHre KOOPAMHATHL BAOJbL IPOBOJOYKH 10 IEHTPY TAXKECTH Ha-
BEJICHHOTO 3apsAaa Ha KaTOJHbIE TTOJOCKH, PACTIOIOXKEHHBIE TIePIIeHI1-
KYJISIDHO K TIpoBoJsiovKe [4];

e OIpe/eeHre KOOPAMHATHI BOJIb NPOBOJIOYKH 110 JEJEHUIO 3apsiia Ha
Pa3HbIX KOHIAX TPYOKU [5];

e OmpeeIeHre KOOPAUHATHI BIOJIb IIPOBOJIOYKH 110 PA3HOCTH BPEMEH IIPH-
XOJla CUI'HAJIA HA Pa3Hble KOHLbL TPYyOKu [6];

e ompefeIeHre KOOPANHATE B TIEPTICHIUKYAAPHOM K TIPOBOIOYKE HATPAB-
JIEHWH TI0 BpeMeHH npeficha HOHU3AINK 10 TPOBOJIOUKHY [7];

Bonpmas amMmnTyta curHaja, XOPOITHE BpEMEHHBIE XapaKTePUCTUKA CTPH-
MEPHOI'0 CUTHAJIA TTO3BOJIAIOT YIIPOIIATH PETUCTPUPYIONIYIO 3J1€KTPOHUKY, CHU-
KaTh TPeOOBaHUS K IyBCTBUTEIbHOCTH, IIOPOTAM, CTAOUIBHOCTH.

4.1 Ormmcanue padboOThI

4.1.1 WN3mepeHme npogoJbHOII KOOPANHATHI METOIOM Bpe-
MEHHOIT pa3HOCTHU

B naboparopHoit pabore cheM MPOI0/IHHON KOOPANHATHI CO CTPUMEDPHBIX TPY-
60K OpraHW30BaH C MOMOINLIO MeToauku pasunoctu Bpemen [8]. Koopaunara
BJIOJIb TIPOBOJIOYKH JIMHEIHO 3aBUCUT OT M3MEPEHHO# pa3HocTu Bpemen. Ko-
3¢ dunueHT HPOHOPIUOHAIBHOCTH — CKOPOCTb PACIPOCTPAHEHUs CUTHAJIA, 110
TpyOKe, neneHnast momnosam (15 cM/Heek, nim 6.7 ncek/mum). B cayvae namosn-
HEHHOrO ra30M KOAKCUAJIHLHOTO BOJIHOBOJA 9Ta BEJUYNHA, TPAKTUIECKU COBIIA-
JIaeT ¢ MOJIOBUHON CKOPOCTH CBeTa B BakyyMe. [IpocTpaHcTBEHHOE pa3perieHue
JIETEKTOPA, ONPE/IEJISETCS BPDEMEHHBIM PA3PEIIeHUEM JIEKTPOHUKH.

Ha Puc. 4.1 upuBeseHa cxema KaHaJia SJEKTPOHUKY JJIs U3MEPEHUs [1PO-
JIOTLHON KOOPAWHATHI B TpybOKe 10 pasHocTu BpeMen. OouH KaHa BKIIOYAET
B ceba nBa muckpumunaropa (Y®) mig dpopMupoBaHus CUTHAIOB “cTapt’,
“cTom” M BPEMEHHOM 9KCIAHAED. DTa 9aCTh IJIEKTPOHUKHU PACIIOIOKEHA HEITO-
CPEeICTBEHHO HA OJIOKE CTPUMEPHBIX TPYOOK. /[ TUTeTHbHOCTD BBIXOJHOTO CUTHA~
JIa 3KCIIaHIEPa IPOIOPIINOHATBHA PA3HOCTH BPEMEH MEXK Ty CATHAJIAMHE “‘cTapT’
n “cror”’. DTOT cUTHAI OIM(PPOBLIBAETCS BO BpeMs-IIndppOBOM TTpeodpasoBaTe-
se (BII) B cranmapre KAMAK. Ha camom zejie ofuH KaHaJ 3JIEKTPOHUKH

1CCI)I.J'IKI/I IIPHUBEJCHEI B IIOPAAKE HJIJIIOCTPAIIUN U JaJIEKO He IIOJIHbIE
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Puc. 4.1: Cxema KaHaJ1a 3JIEKTPOHUKH.
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00CTy?>KMBAET HE OJHY, & YeThipe TPYyOKHU, JEKTPUYECKU COEIAMHEHHBIX TO-
cremoBarenbHo. Takoil mOAX0/ MO3BOJISET CIKOHOMUTH KOJUIECTBO KAHAJOB
aeKTpoHuKU. Kpome TOro, B Mecra coeamHeHHs TPYOOK ymo0HO IOIaBaTh
KaJIMOPOBOYHBIE CUTHAJBI JIJIsI MOHUTOPUPOBAHUsT PAOOTOCTIOCOOHOCTHN KaHa-
Jla, ¥ M3MEpEeHUsi KOHCTAHT, HEOOXOAUMBIX I BOCCTAHOBJIEHUS] KOODINHATHI.
Hexoropbie mapaMerpsl 3/I€KTPOHUKH:

nopor JaucKkpuMuaaTopoB — 20 MB,

- k03 dunment sxcrnangupoBanus — 40,

nena Kanaja BIII — 0.4 mcek,

IeHa KaHayia mojHoro Tpakra — 10 mcek (1.5 Mwm).

4.1.2 Tomockorn

B maboparopmoii paboTe nCrmob3yercss TOAOCKOI U3 Y9e€ThIPEX MOYJIe CTpH-
MepHBIX Tpybok? Jnuna Tpy6ok rogockona — 1 merp. Kaxkapiit Mopynb co-
CTOUT W3 JABYX CJIOEB TPyOOK mo 4 mryku B KaxkioMm. Ha Topuax momyss
YCTAHOBJIEHBI TJIATHI JIJIS PA3BEIEHUS BBHICOKOTO HAMPSIYKEHUST W KAJTMOPOBKHU
KaHaJsoB. Jlasiee, Ha OHOM M3 TOPIIOB YCTAHOBJIEHBI /IBA KAHAJA IEKTPOHUKA
(ueThIpe JUCKPUMHHATODA W JiBa KCramjepa). Ha momyse umeercsd naHedb,
Ha KOTOPOi PACIIONOXKEHbI CHUTHAJIBHBIN, BBICOKOBOJBTHBIM M TPU KaJIHOPO-
BOYHBIX Pa3beMa, PA3beM HUTAHUS IJIEKTPOHUKH U JBE Ta30Bbl€ OJIUBKHU JIJIs
nozaqu rasa (Bce TpyOKM COeMHEHBI 110 ra3y 1oc/iesoBaresbo). Ceepxy rop-
Il TTPUKPBITHI KOXKYXaMHU.

Mopaynu npomyTsl Ta30Boil cMechio aprou:u-nienran (3:1) u mocse 3Toro
repmern3upoBanbl. Pabouee nampsizkerne 4000 B. Iliaro cuernoit xapakrepu-
cruku 3600-4600 B. XapakrepHble napamMeTpbl CTPUMEPHOTO CUTHAJIA JJId Pa-
60Uero HAIPsKEHHs: CPeHs AaMIINTY1a Ha Bxoze nuckpumunaropa 200 mB,
amuTeabHOCTh curaasa 200 Heek, GPOHT 7 HCEK.

Jas cucrembl cOOpa JAHHBIX C TOJOCKOIA, KCMOJb3yercs crangapT KA-
MAK. Ha Puc. 4.2 npusenena 6JI0K-CXeMa CUCTEMbI, COAEPZKAIIas BOCEMb Ka-
HasoB. CurHasibl ¢ 9KCHAHAEPOB nocTynaioT Ha npeobpasosaress(ECL-NIM)-
passersuresb (manee IIP). IIP dbopmupyer curnasnst “crapr” u “cron” ms
BLII, a Takyke MO OJHOMY JOTIOJTHUTEJIHHOMY CUTHAIY HA KayKIbIH KaHaJ.
Curnan “crapr” mocrymaer ua nudposyio aunauio 3agep:xkku (JI3, 500 Heek)
n gajee ma Bxox “crapr’ BIII. JomosHuTeIbHBIE CHTHAJBI C KAHAJIOB 1, 2, 7,
8 (HmkHUIT U BepxHUIl Moayan) uAyT Ha cxeMy conagenuit (CC) u ncmomns-
sytorcs i bopmupoBanus curuasa (Ha gpopmuposarese uMiysibcos — OU)
s 3amycka BIIII. JTonosnurespuble curaasbl ¢ kKanasuaos 3, 4, 5, 6 uayr na

2 lauHbI# KOHCTPYKTHB MOZYJIf IPHMEHEH B MIOOHHOH cucreme merexropa KEJP ma
et e~ -xonnaiinepe BIIIII-4M.
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Puc. 4.2: Cucrema cbopa JaHHBIX TOZOCKOIA.
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cueruuk umiyabcoB (CH) misg KoHTposa 3arpy3ok. Ilpu mabope crarucTuku
na CC ycranaBimBaercs MacKa MEPBOrO BBIXOJA, COOTBETCTBYIOIIAS COBIIA-
JIGHUIO HUZKHEro u Bepxuero mogyneit. Bropoii Beixonm CC mackupyercs Ha
curnan rereparopa. Curnan ¢ wero nogan nHa CH. Tperuit u yersepThiii BbI-
XOIBbI MACKUPYIOTCA TaKUM 0OpPa30M, 4TOOBI OHU COOTBETCTBOBAJIN KaHAJIAM
1 u 7 romockoma. Curnajel ¢ Hux noganbl Ha CYH. Bpemennas nmarpavma
AMITyIbCOB m300paxkena ua Puc. 4.3.

I/ CUTHAJI C TPYOKH

YO Ha crapT dKcrianepa

Y®-JI3 Ha cron dKcraHaepa

1At

— AT =k At [ akcmanzgep
o J [TP-JI3 na crapt BIIII
Thun 1P Ha cron BLIIT
J CC
®U na yn. BIII

Puc. 4.3: Bpemennasi quarpaMma HMIYJIbCOB CHCTEMBI COOpPa TaHHBIX TOI0-
CKOIIA.

s kKanmmOpOBOK MCIIOIB3YeTCsl TeHepaTop KopoTkux mMmiysabco [EKU.
OH 3amyckaeTcs ¢ MOMOINBIO DeHepaTopa Jormdeckux umiyiabcos (IJIN) u
Tpedyer momosuuTesnpHoro nuranus or ucrounnka +300 B. TEKU wmwmeer
BCTPOEHHBIN ATTEHIOATOP Ui PErYJIMPOBKH AMILIUTY/ bl BBIXOHOTO CUIHAJIA.
Curnasn ¢ TEKU nocrymaer na koMMyTarop Bbicokoit wactorst (KBY) u mpu
KaJMOPOBKE MTOOYEPEHO MOIAeTCsT Ha BCe YeThIpe Momyisi. [Ipn 3Tom nepBsit
Beixo CC mackupyercst Ha reHepaTop. B KpeiiTe TakKe pacioIOKEHbI: OJIOK
IIOP - nna BeiBoma rpadpudeckoil nHGOPMAINKN, WHANKATODP MUTAHUS Kpeii-
Ta - UCIOJIb3YeTCs I BHIBOJAA UTAHUS JIEKTPOHUKHM MOJYJell CTPUMEPHBIX
1Tpy6OK, BblcOKOBOIbTHBIA ucrounuk (BBU). Haupsizkenue ¢ BBU nounaercs
Ha KOPOOKY-pa3BeTBUTEh W Jajiee HA YeThIPe MOJYJIS.
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4.1.3 BoccTaHOBJIEHNE KOOPAWHATHI U TPEKa

st BEIYUCIEHNST KOOPANHATHI BJIOIb CBA3KH U3 YeThIPEX TPYOOK HEOOXOIMMO
OTPEIEJINTH KOHCTAHTHI MO 3HAYEHUSM IBYX KAJIUOPOBOK. [IJist OmHON Kaanbh-
POBKU CUTHAJIBI TIOJAIOTCSA B CEPEIUHY COEIWHEHUs TIEPBOH M BTOPOil TpyOKH,
JJIs BTOPOU KaJMOpPOBKH — B CEPEAWHY COEJIWHEHWS TPEThbell W YeTBEpTOH
TpyOOK.

Ilo 3HageHno 3TUX ABYX KAJTHOPOBOK I KAXKI0I0 KAHAJIA, BBITHCISIOTCS
JIBE€ KOHCTAHTBI: 1) — PA3HOCTH BPEMEH, COOTBETCTBYIOIIA HAYAIY CBA3KH, U
Tper — TEPHUON CBA3KW, COOTBETCTBYIOIINI ONHOM TpyOKe.

Ha Puc. 4.4 u3obpazkeHa 3aBUCUMOCTh KOOPAUHATHI Z OT U3MEPEHHON pa3-
HocTH BpemeH 1. B nmHeitHOM NpHOIMKEHWH OHU CBA3aHBI CIEIYIONINAM 00-
pasowm:

T-T,
Z = (Lyube + Leonn) (0.5 — (=N (TO — (N - 0.5))> — Leonn/2,
per

rae N = [(T — Tp)/Tper) + 1 — Homep TpyOKu B cBszke (1-4),
Z — KOODJINHATA, B MM,

T — m3MepeHHOE BpeMs B KaHAJAX,

Liube — AnuHA TPYOBI B MM,

Leonn — JJIMHA COEMHEHUS MEXKY TPYOKAMU B CBA3KE B MM.

Koopauuatst X u'Y onpenensitorcs mo meHTpy cpaborapmux Tpyook. Tpex
YACTHUIIBI APOKCUMUPYETCST MPSAMOI JIMHUEH MeTOIOM HAUMEHBINNX KBaJpa-
TOB.

4.1.4 TIIporpammuoe obecrnedyeHue
IIporpamma juist paborsl ¢ rogockonom HadbiBaercs NUCLAB. OHa ymeer:
e MHUIHAIU3UPOBATHL ucnojb3dyembie KAMAK 6710kwu,

e KaMOPOBATH MOy CTPUMEPHBIX TPYyOOK:

a) B aBTOMATHYECKOM DEXKUME HA MOJLYJIU [OOYEPETHO TIOJALTCs CUD-
HaJI C TeHEPATOPA U 3ANOJHAETCH KAJTUOPOBOYHBIN MAaCCHB;

6) B pYyYHOM peXUME KaJIUOPOBOUHBIN MACCUB 3ATIOIHIETCS MOJIb30-
BaTeJIeM;

® 33/1aBaThb l1apaMeTPbl I'MCTOIPAMM,
® BBIBOJUTH TMCTOIPAMMEI,
® YNCTUTh T'MCTOTPAMMBI,

® U3MepATb 3arPy3KHU,
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L tube

-Leomnf2

Puc. 4.4: 3aBucuMocTh MPOIOIHLHON KOOPAWHATHI OT W3MEPEHHON pa3sHOCTH
BpPEMEH.

e HabupaTh CTATUCTHKY. IIpr 3TOM MOXKHO:

a) 3aIOJHATH THCTOIPAMMBI;
6) BOCCTAHABIMBATH KOODAMHATHI U TPAEKTOPUIO YACTUIIBI;

B) BbIBOAUTH KAPTUHKY ¥ MH(OPMAIMIO O COObITHU HA JUCILIEH, eciiu
CyMMa KBa/IpaToB OTKJIOHEHUI U3MepeHHbIX KOOPAUHAT OT BOCCTa-
HoBJIenHOro Tpeka (CHI2 B MM?2) MeHbITe 33aHHOTO B TPOTPAMMe
qUCIA.

Nudopmariust 0 cOOBITHN BKIIOYAET:

e cuurannoe ¢ BIII Bpems ais KaxK7a0r0 KaHaJa,

e BoCCcTaHoOBJeHHDbIE X, Y, Z KOODJIWHATHI,

® OTKJIOHEHWE W3MEPEHHOU KOOPIWHATHI OT BOCCTAHOBJIEHHOI'O TPEKA,
e napamerpsl npsaMoii Z = Alfa * Y + Beta,

e NW — koim4vecTBO CpabOTABINX KaHAJIOB,

e NT — KommdecTBO KAHAJIOB C IMPABIAONOIOOHO BOCCTAHOBHBIIEHCS Z-
KOOPAUHATOM,
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e NP — KoIm4ecTBO KaHAJIOB, B3ATHIX B BOCCTAHOBJIEHUE TPEKA.

4.1.5 TIlopgaooK BKJIIOYEHUS

B nabopartopHoit paboTe HCIoIb3yeTcst BBLICOKOBOILTHBIM HCTOTHUK JIJIsT CTPH-
MepHBIX TPYOOK. XapaKTepHOe HAIPsKeHne, I0JABAEMOe Ha AHOHbIE IIPOBO-
JouKu crpuMepHbx Tpyook 4000 B. IIpu 3Tom morpebisieTcss TOK TOpsiIKa
10 MxA. IIpenenbHblii TOK Ay ucrounuka mopsaaka 500 MxA. Ilpu pabore ¢
BKJIIOUEHHBIM BBICOKMM HANpsKeHHeM Tpebyercs 0cobast OCTOPOKHOCTS!
Pekomenmyercst cobm01aTh CIEAYOMUN MOPSIIOK BKIIOYEHUsT U PAOOTHI:

1. BKJIIOYUTDH CTOWKY, KDEUT ¥ UCTOYHUK IIUTAHUS [E€HEPATOPA;
2. 3amyCTUTh TPOTPAMMY;

3. caenarb KAIUOPOBKY;
4

. TIOJIaTh BBICOKOE HAIpsi?KeHWE Ha OJIOKH;

ot

POKOHTPOJIMPOBATH 3arpy3Ku (TunudHble 3arpy3ku 50-100 I'i/kaHaun);
3a/1aTh HEOOXOIUMBIE TTAPAMETPBI THCTOIPAMM;

HabpaTh CTATUCTHKY;

® N o

IIOCMOTPETHh T'HCTOI'PDAMMBI.

4.1.6 3amanuga

1. Nzmepenne apdpekTuBHOCTH CpabATHIBAHUSA OJIOKOB.

e GUKCHPOBAHHOTO 3HAYEHNS HANIPSYKEHUS HA TPYOKAX IIPOBECTH Ha-
6op rucrorpamm. Hanpsixkenne mensith (ncrounnk B KAMAK kpeiire)
ot 3.5 kB 10 4.5 kB uepe3 200 B. Bpems mabopa B KaxKJI0# TOUYKE TO-
panka 2 muuyT. Ilepen magasoMm mHabOpa B HOBOM TOYKE IPOU3BOAUTD
YUCTKY I'HCTOTPAMM.

OdbEeKTUBHOCTH MOXKHO BBIBECTH 11T BCEX 8-MU KAHAJIOB COOKY OT OKHA
cobbrrusi. OHa HAXOAUTCA KAK OTHOIIEHUE YUC/Ia cpabaThbiBaHUi JAHHO-
ro KaHaJla W MOJIHOro vucja cobbrrmit. g kanamos 1,2,7,8 3naguenue
3¢ HEeKTUBHOCTH BBHICOKOE, TAK KAK ITU KAHAJBI HABJISIOTCH 3AILyCKAalO-
MITAMA.

CpaBHUTh mostydeHHbe 3HAYCHUS F(MDOEKTUBHOCTH MEXKIY CODOi, mMo-
crpoutsh rpadguk 3aBucumoctu cpeaneit dddexTuBHOCTH 1O CjIosiM 3-6
B 3aBUCHUMOCTH OT HAIPSKEHUSI.
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B aByx TOukax 1o HaNpSIKEHUIO: OfHOI 1pu 3D deKTUBHOCTH MOPSIIKA
70%, napyroil Ha IJIATO, CPABHHUTH MOJIyYEHHbIE 3HaYeHus 3P HEeKTHBHO-
CTU C BEPOATHOCTHIO CPADATHIBAHMSI CEMU U BOCBMU KAHAJOB B OJHOM
cobbrrun (rucrorpamma Number of hits in channels):

W(8) = E*,W(7) = 4E3(1 — E),
roe E — cpemuss 3¢ pekTuBHOCTL 3—6 KaHAJIOB.

. UIamepenne Z-pa3pernieHus MO KOCMUKE.

BricraBurh HanpsKeHue HA Kamepe, COOTBETCTBYIOIIEE Cepe/InHe ILIa-
10 3ddexruBnocru. IIposecru nabop cobbiruii B reuenue 0.5-1 gaca.
Yucsio ¢j10eB, M0 KOTOPBIM CTPOUTCS TPsMasi, 334aTh paBHbIM 8. Omnpe-
JEJUTh TPOCTPAHCTBEHHOE pa3pellenne u3 rucTorpamMmbl CHIZ2:

AVERAGE
ZEN T
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Jlaboparopnas pabdora Ne 5

I'amMMa-cnekTpoMeTp ¢ JIeTEKTOPOM M3
0C000 YNCTOr0 TepMaHUSsI

BBenenne

DKCIEPUMEHTATILHOE MCCIEOBAHUE YHEPreTHIECKOrO CIEKTPA Y-U3JIy9eHus,
BO3HWKAIOIETO TPW Pacrajie BO30YKIEHHBIX COCTOSTHUI spa, SBISTETCS Of-
HUM #3 OCHOBHBIX METOIOB M3yYEeHWS CTPYKTYPBl ATOMHBIX saep. lamma-
CIEKTPOMETPHS MUPOKO MPUMEHSIETCS ¥ IIPY PEIEHNU MHOTUX APYTHUX 3a/1a4,
IJle UCHOJB3YIOTCs siepHO-(pu3nIecKue Merobl uccaenoanuii. Hampumep,
[IPU TPOBEJEHUN JJIEMEHTHOTO aHAJM3a B XUMWHU, reojorud u T.ua. B smep-
HOIl pu3HMKe K HACTOAIIEMY BpeMeHu paspaboran 60/bIIoi apcenas mpudo-
POB, CIIy KAIUX [IJIsT M3MEPEHNsT CIeKTPOB y-n3aydenust. Cpenn HUX HEOOXO-
VMO YIIOMSHYTh CIUHTHUJIISITUOHHBIE CIIEKTPOMETPDI, KOTOPBIE UMEIOT BBICO-
kyio 3ddexkrusrocts perucrpanuu y-kauToB (10 100%), HO HU3KOe 3HEp-
reruveckoe paspeienue (> 10%), a Tak:ke KpucTasui-audpakMOHHbIE ClIEK-
TPOMETPbL, UMEIOLIKe, HA000POT, BbicoKoe paspeuenue (~ 0.01%) upu Huskoit
ceerocuae (~ 1072 — 0.1%). Hanboabimeit yRIBepcaIbHOCTHIO 06IaJAI0T -
CMEKTPOMETPHI C TIOJIYITPOBOIHUKOBBIMU I€TEKTOPAMH, UCTIOIB3YONNME T'ep-
mvannit. OHM MMEIOT BBICOKYIO PAa3PEIIaloNyi0 CIIOCOOHOCTD 10 SHEPruu IpU
xoporteit 3¢pderTuBHOCTH. B ManHo# J1a00paTOPHOIT paboTe pacCcMaTPUBAIOT-
Csl XapAKTEPUCTHKH CHEKTPOMETPA Y-U3JIyYeHHsI U3 CBEPXYMCTOrO TePMAaHUs
(OYTI-gerexropa).

5.1 OYI'-gerekTop
Herekrop u3 ocobo uucroro repmanus (High-Purity Germanium — HPGe

(amri.)) mpexacraisier cobOW MOTYMPOBOJHUKOBBIA IMOZ, C pP-N-TIEPEXOI0M,
KOTOPBIN M3TOTOBJICH W3 KPHUCTAJIA 0COO0 YUCTOrO TEPMAHMA P-THUIIA, HA IIO-
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+

BEPXHOCTU KOTOPOro CO3JaHbI CUNBHO JTETHPOBAHHBIE obnactu ]’)+ nn' THUIA

(Puc. 5.1).

0.7mm Ge(LI) n+

"
Ocobo 4yncTein Ge p-Tuna
L ———_— Hany4veHue
!
0.3MKMm Ge(E) p+
.

Puc. 5.1: Cxema xoakcuansaoro OYI-gerexktopa.

Koaxkcuanbabie repMaHnreBbie 1€TEKTOPBI HMeeT (GOPMY HHJIHHIPA C KOAK-
CHAJIBHBIM HUJWHAPWYECKUM KOJIOAUEM, HA HAPYKHOU MOBEPXHOCTH KOTOPOTO
CO3AeTCA KOHTAKT 7-TUTIA, 4 HA MOREPXHOCTHA KOJIOJALA — KOHTAKT P-THTTA.
Taxasi reoMeTpus JETEKTOPA MO3BOJISIET 3HAYNUTENBHO MOBLICUTL 3¢ heKTrB-
HOCTB PETUCTPALMY TAMMA-U3NYYEHNUS TI0 CPABHEHWIO C MLIOCKOMAPALTENbLHBI-
MH JETEKTOPAMHU.

Kpowme reomerpun n obbema pabodeii obnactu gerektopa 3¢pPeKTHBHOCTE
PETUCTPALIAN Y-KBAHTOR CWJILHO 3aBHCHAT OT MaTepruasa, n3 KOTOPOTo N3roTOR-
Jien pertektop. HanboJsiee pacnpoCTpaHEHHBIMU MATEPHAJIAMH [TOJIYTPOBOIHH-
KOBBIX IETEKTOPOB HA CErONHSIIITHUI [I6Hb SBISAITCS KPEMHHUA U TepMaHuii.
JInst perucTpanuu y-KBaHTOB OOBIYHO UCMIONB3YIOT JeTEKTOPBI U3 FepMAHUS.
Bribop repmanus cBA3aH ¢ TEM, 9TO CEUEHHE B3ANMOIEHCTBIS Y-KBAHTOB C Be-
LIECTROM CHJILHO 3aBUCAT OT aTOMHOTO HoMepa remectra Z. Qcobenno cninh-
HO 3aBUCHAT OT 7 cedenune (poTosddperta (Ud)? x Z°), ceuenne Kommnton-
3dderTa TPONOPHMOHATBHO Z, a CeYeHHe MPOIECCa POXKIEHUS 3IJIEKTPOH-
HO3UTPOHHLIX MAP IPOINOPIHONANLHO Z2. Bosbiiee 3madenue 7 y repManus
(Zge = 32, Zs; = 14) n onpegensiet BLIOOP 3TOTO MATEPHAJIA, TIOCKOJILKY
obecrieunpBaer 0ojee BHICOKYIO (P (HEKTHBHOCTL PETUCTPAIINN Y-KBAHTOB JI€-
TEKTOPOM.

Crnoit nT-Ge €037210T ¢ HOMOIIELIO JECHPOBAHHS JTUTHEM, KOTODBLIH Ha-
MBUISIOT B BAKYyMe Ha HAPYKHYI MOBEPXHOCTH 3arOTOBKH U3 0COO0 YHCTOTO
repManus (p-TuTa, JIETHPORAHHEIN TAJIINEM ), W TPOROAST €0 auddy3uio mpw
remmeparype ~ 300°C ®» rewerme ~ 10 muw. B pesymnrarte npowcxonnt mud-
dy3usa gutus Ha raybuny < 1 MM u o6pasyercsi p-n-rmepexon. 3areM Ha 3Ty
CTOPOHY HAHOCUTCA TOHKUHM METANNUYECKUNA CIOH U MPUNAUBAETCH 3NEKTPOI.

[ToBepxHOCTH BHYTPEHHETO KOJOAIA JETUPYETCss MOHAME 00pa ¢ sHepruei
~ 10 k3B, B pe3ysbraTe 4ero B MPUIOBEPXHOCTHON obnactu o6pasyercs ciioii
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pT-Ge ¢ HU3KUM yneabHLIM conpoTuBaeHreM. CBepXy HaHOCHTCS TOHKHIA CIIOH
METAJLIA ¥ MTPUIAUBAETCS TEKTPOI.

IIpu momade HampsizkeHusi OOPATHOTO CMeIIeHus OOEIHEHHONW 006J1aCThIO
CTAHOBUTCST BeCh 00beMm repmanwusi. Ilpw mposere moHW3WPyIOMEeil 9acTuirb
B Heil 00pa3yIoTcs HOCUTENN 3aPsiia, JEKTPOHBI U JBIPKU, KOTOPbIE MO /Ieii-
CTBWEM BHEITHETO JIEKTPUYECKOTO IO/ MEPEMEIAIOTCS K 00JIacTaM p u n,
KOTOpbIE CIIyKAT cobuparommmu dmekTpogamu. CoOpaHHbIi 3aps, KOTOPBIHA
MIPOITOPIIMOHAJIEH TONJIOMIEHHON B JETEKTOPe SHEPIUH, MPeodpa3yeTcs 3areM
B UMILYJIbC HAIPSKEHUS 3aPs/I09YBCTBUTEIIBHBIM IPELYyCUIUTETEM.

JleTeKTOPhI Ha OCHOBE CBEPXYHCTOrO F€PMAHUs XapPAKTEPU3YIOTCS HU3KUM
3HAYEHNEM OOPATHOTO TOKA W BHICOKMM HEPTETHIECKUM pa3perinenneM. B or-
JIUYUE OT TOJYPOBOJHUKOBBIX JETEKTOPOB U3 KPEMHUs TepMaHUeBbIe JIeTeK-
TOPBI HEOOXOIUMO FKCILTYATHPOBATE IPY HU3KOM TeMIepaType. 9TO CBI3aHO C
TEeM, YTO IIUPUHA 3AIPEIIEHHOM 30HbI B TepMAaHUK OTHOCUTEIbHO HEOOJIbInAs
— E; = 0.67 3B, y kpemuua — 1.12 3B. 9T0 3HaUAT, ITO IUCIO0 HEOCHOBHBLIX
nocuresteit 3apaaa (o< e~ Fo/FT)  obpasyrommuxcs B pe3yabTaTe TEMIOBOTO BO3-
Oy2K/eHusi, y TePMaHUs 3HAYUTEIHLHO BBIIIE, U TP KOMHATHOW TeMIIepaType
TOKH yTEYKH B TEPMAHUEBOM JETEKTOPE HEJOMYCTUMO BBICOKH.

st OXJIaXKIeHusl JeTeKTOPa OOBIYHO MTPUMEHSIETCs KUJAKUNA a30T, UME0o-
uuit remueparypy 77 K. Takke MoryT ObITh MCIIOIB30BAHBL JJIEKTPUYECKUE
WJTA DJIEKTPOMEXAHUIECKUE XOJIOANIHHUKH.

5.1.1 DHepreTmUueckoe pa3penieHue

Co6GCTBEHHOE YHEPreTHIECKOe PA3PEIIEHHe TPU PErUCTPAINN HOHU3UPYOMIed
YACTHIIBI JJIs UICATTLHOTO MOy TPOBOJIHUKOBOTO MATEPHUATIA [EJTMKOM OIIPE/Ie-
JIETCs CTATUCTHICCKUME (DIIYKTYAlUsIMU 9UCIIa 00PA30BABIIUXCS HOCUTEEH
(Ipu TIOJTHOM TOTJIOIIEHUN HEPTUU YACTHILI B 00bEMe JEeTEKTOpa). DHEp-
IUsi 9aCTUIBI B MOJIYITPOBOIHUKOBOM MAaTEpPHUAJIE TEPSeTCs Ha BO30YKIEHUE
¥ MOHHU3AIMIO ATOMOB, YBEJUYEHHUE TEILIOBLIX KOJEOAHUN KPUCTALIAIECKON
perterku u mpodee. IIOCKOIbKY 3TH MPOMECChl HUKAK HE CKOPPEJTUPOBAHHDI,
pacipejiesieHie SHEPrun, 3aTPA9eHHON HA BBIIEIEHHDBIN IPOIECC [TUCCUTTIAIIAN
SHEpPruM, MOYKHO OMUcaTh Ha ocHoBammm 3akoHa Ilyaccoma. Inms mporecca
MOHW3AIUN HOPMAJIbHBIE CTATUCTUIECKHE (DIIYKTYAIIUU IUCIa 00PA30BABIIIX-
€A B TAKOM CJIyYae IMap 3JIEKTPOH-IBIPKA MOLYT OBITH ONpEIeeHbI 1m0 (hop-
Mmyse oy = VN = v E/w, tne N — cpennee uucio obpasosasiiuxcs nap,
— MOJIHAST SHEPTUsl YACTUIIBI, W — CPEJIHssl SHEPrust, HeoOXxoqumas Jjis 00pa-
30BaHus Maphl. UeM BOIBITIE YUCIIO TTPOIIECCOB, PACCENBAIOIINX TIOTIOMIEHHY IO
SHEPTHUIO, TEM TOYHEe BhIMOJIHAeTC 3aK0H [Iyaccora. C apyroit CTOpOHBI, ecan
BCsI 9HEPTHS 3aTPAYUBACTCHA TOJBKO HA OIUH IPOIECC, HATPUMED, HOHU3AIIHIO,
TO HOpMAaJIbHBIE (DIYKTyaIlud OTCYTCTBYIOT, KOO 9HCIO OOPA3OBABIIUXCS AP
Bcera nocrodHHo u pasHo E /w. Tlo coBpeMeHHbIM npe/cTaBIeHusIM Ha, J10JII0
nponecca MoHm3anuu npuxoaurces okosto 30% Bceeil sHeprum, HOrJIONEHHO B
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JIETEKTOpE, TTOTOMY aKThl HOHU3AINK HEJIb3sI PACCMATPUBATH KAK ITOJHOCTHIO
HE3aBHUCHUMbBIE, a HOPMAJIbHBIE CTATHCTUYIECKHE (DTYKTYyaIlnn, BHITEKAOIINE U3
3akomna Ilyaccona, HeoOXOmuMO KOPPEKTHPOBATH € IMOMOIIBIO OMPEIeIeHHOTO
koapdunmenra, seegennoro @ano, oy = VEN. F — daxkrop Pano, Bejiv-
9MHA MEHbIe eanHuIbl. st repmanns dpakTop @Pamno pasen nmpumepro 0.13,
aid kpemausg — 0.12.

DHepreTuvecKkoe paspelieHue 0ObLIYHO OIPEJe/S0T B TEPMUHAX ITOJTHON
mmputbl Ha nosyssicore ([IIIIB) nuka nosnnoro noraomwenus AE. Eciau pas-
pelIeHne ONPEeIeIaeTCs TOMbKO CTATUCTUIECKUMU (DIYKTYaIusME, TO MOKHO

3alnucaThb
AE =+/(8In2)og ~ 2.3505 = 2.35v/FEw

Ha mpakTuke cyiecTBeHHbBIN BKIaJ B 9HEPreTHIECKOEe PA3PEIIeHIEe Oy~
MIPOBOJHUKOBOI'O JIETEKTOPA BHOCUT (DIYKTYalldsl TOKA yTEYKU JETEKTOPa U
myMbl npeaycusuress. Ilocaennue 3apucar or BpeMenu hOPMUPOBAHUS CUT'-
Haja 37ekTponnkoii. CoBpemenubre QOYI-meTeKTOPHI TpH TEMIIEPATYPE YK/
koro azora (77 K) nmeror Tokn yreuxu menee 10719 A. 9rto cpasHmMO ¢ TO-
KaMHU yTeYKH BXOAHOM menu npeaycunuress. CHekTpaabHbIi COCTAB MIyMOB,
COBIAIOIIUX TOKU YTEIKH OJIU30K K HEKOTOPBIM COCTABJISIIOIIAM Iy MOB ITPEY-
cunurens. [losromy obo3nadum 3Tn 006a BKIaMa BeTUnIuHON N, BbIParKeHHOM
B eIMHWIIAX 3aPS/IA SJIEKTPOHA B IIEMH TPETYCHIATES.

AE =2.35\/FEw + Nuw? (5.1)

5.1.2 DdPeKTNBHOCTH

DD DEKTUBHOCTD PErUCTPAIMA JIETEKTOPOM Y-U3JIy YeHUsI OLPEIEIIIeTCs SIHEP-
rueil y-KBaHTa, pa3MepoM U FeOMeTpHeil KpUCTAJIA U PACCTOTHIEM 10 MCTOU-
HUKA ~y-KBAaHTOB. B o0mem ciaydae 3hHEeKTUBHOCTh TETEKTOPA B THKE TOJI-
HOTO TIOTJIONIEHUS OMPEIEIIeTCS OTHOCUTETHHO 3D HEKTUBHOCTH ITAJTOHHOTO
nerekTopa ¢ nuiuaapudeckum kpucraiinom Nal(T1), nuamerp u Boicora KoTo-
poro pasubl 3-M agoiimam (7.62 ¢M), a TOYEUYHbIH UCTOUYHUK PACIIOJIArAETCs HA
paccrosinum 25 ¢M 0T GJIMKHEr0 TOPHA KPUCTAILIA. DT MPOLELypa U3Mepe-
HUST OTHOCUTEIHHOM 3(DDEKTUBHOCTH N€PMAHUEBBIX IETEKTOPOB OMUCHIBACTCS
craugaproM ANSI/TEEE 325-1986. A6comorHast 3hpdHEKTHBHOCTD ITaJIOHHO-
ro gerekTopa K y-m3aydermio °Co ¢ smeprmeit 1.33 MaB ycramosiena pas-
Hoit 1.2 x 1073, JIj1s1 m3MepeHns OTHOCHTeNbHOH 3(DEeKTHBHOCTH HAI0 3HATD
AKTUBHOCTH MCTOYHUKA U3JIyYeHUs, MO0 UMETb ITAJOHHBIA JIETEKTOD B Jia-
6opaTopun.

Abcomoruyio 3(pPEeKTUBHOCTE B MTHUKE MOJTHOTO TIOTJIOMIEHUS K W3JIy IeHUIO
60Co MOKHO ¢ HEKOTOPOI TOTHOCTDLIO OIPEIeHTh, HCHOMb3YS TOTLKO AMILIH-
TYAHBIA CIIEKTP HCCIELYEMOrO JIETEKTOPA. DTO BO3ZMOXKHO OJIArOmapsi TOMY,
uyro B nouru Kaxaom pacuage °Co poxkiaerca jpa y-KBanTa ¢ dHEpruei

59



© www.phys.nsu.ru

1173.2 k3B u 1332.5 k3B (Puc. 5.2), a Apyrue mepexoibl CANBHO MOJABICHBI
110 CPABHEHUIO C 3TUMH ABYMs. B HEKOTOPOH 10Je CAydaeB BO3MOKHA Per-
cTpanvst 000WX Y-KBAHTOR OJHOBPEMENHO. BeaeacTrIe 3TOr0 B aMTIINTY,THOM
CIIEKTPE JETEKTOPA TOABJIAETCA MUK COOTBETCTBYIOWmM sueprun 2505.7 k3B,
Hanpapsnenus BbLIeTA IBYX TAMMA-KBAHTOB UMEIOT HEOOJIBIIYO YIJIOBYIO KOP-
PEeNANUIo, HO AN HAXOXKIEHHs 3PQPEKTUBHOCTH ¢ TOYHOCTHI myumie 10%
MOXKHO CIATAThH, UTO 3TH HANPABJEHU He3aBUCHMBIL. JIjis1 6ostee TOYHOrO BhI-
YUCIICHUWSA MOXKHO COCIATH TTOTTPAaRKY Ha YTJIIOBYIO KOPPCIAIINWIO.

60 ~ :
97C0 57722~ 031 Moy o 2505 41

4{,91',/

2158 2+

11732 MeV y
_

1,332 2+

. 1.3325 MeV y
[: T
SNj ——— o

Puc. 5.2: Cxema pacnaga kobansta-60.

Ecnu 0603HAYUTE YHCI0 32PErHCTPUPOBAHHBIX COOBITHI (32 BBIYETOM TOI-
JIOXKKH) TI0/I IUKAMHE [OJHOTO [MOTJOIIEHHs IEPBOr0 U BTOPOr0 Y-KBAHTOB, KAK
Ni u Ny, a 91CiI0 COOBITHI O/ TUKOM, COOTBETCTBYIONIEM PErHCTPAIIAA 000MX
Y-KRaHTOR — N4, TO MOYKHO 3aMHCaTh

N1 = ElAt
N2 = €2At (52)
N, = e1e9At,

rae €1 U €9 — abcosoTHbIe 3()GEKTUBHOCTH PErUCTPAILINN TIEPBOT0 U BTOPOTO
V-KRaHTa, A — aKTURHOCThL UCTOUAWKA (pacnalor/ceK), t — MPOJOIIKUTENh-
HocTh Habopa crnektpa (cek). M3 (5.2) MOXKHO JIErKo MOJYYUTh, 4TO

£ = 7N2
Ny
= = 5.3
£2 N, (5.3)
N1Ny
A = —=.
Nt
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5.2 Onwucanme yCTaHOBKH

5.2.1 TexHumYeckme cpeacTBa

B pa6ore ucnonb3yerca QUT-gerekrop ORTEC GEM10P4-70 npousBoacTBa
komnannu AMETEK [1]. s oxnazneHust IeTeKTopa UCIOJIb3yeTCs MEXaH -
veckuii xonouiabHuk X COOLER npoussojcrBa Toi Ke KOMIIAHUU, OXJIa-
Kpaomwuit nrerektop 10 Temnepatypbl 80—100 K. IIpexycnaurens maTErpUpO-
BaH B KaICysly AeTekTopa. Ilosada BhICOKOTO HANPSKEHUS W TUTAHWUE TTPEJIY-
CUJIUTENIsI, & TaKKe KOHTPOJIb 33 TEMIIEPATYPOHl W CbeM CHUTHAJIA C MPEe.Iy-
cumTesisi ocytecTBisiercss depe3 onud 6ok — SMART-1. JIns onmudposku
cUrHajia ¥ B KadecTBe mHTepdeiica ynpasjeHus JIeTeKTOPOM HCIOJIb3YeTCs
nudposas cruekrpomerpudeckas crauius DSPEC jr 2.0, koTropast coeanHsier-
ca ¢ KoMmmbioTepoM depe3 naTepdeiic USB. B nporecce omudpoBKu mpuMeHs-
eTCsl, TaK HA3bIBAEMbIil, udpoBOil DUIHTD, KOTOPHIHA CIIY?KUAT COBPEMEHHOMI
3aMEHOI aHAJIOrOBBIX (hopMupoBaresaeii ummnynabca. [ludppooit GUILTP MO3-
BOJISIET YMEHBIIUTb MEPTBOE BPEMS JE€TEKTOPA, YIyYIIATH JHEPreTUYeCKOe
pa3pereHne u TeMIEPATYPHYIO CTaOMIBHOCTD, ODECTIEUNBAsT TEM CAMBIM TIO-
BTOPSIEMOCTH PE3YJIHbTATOB.

5.2.2 IIporpammuoe obecnedeHue

g ynpasienuemM HaOOpa aMILIUTY/IHOTO CIIEKTPA, C TePMAHUEBOI0 JETEKTOPA
ucnoab3yerca nporpamma Maestro (Ortec), paboraromas nong OC Windows.
ITo cyru ona mpeacrasisger coboii MHONOKaHAIbHBIN aHagu3arop. IIporpam-
Ma I03BOJIIET HAOMPATH AMILIUTY/IHBIE CIIEKTPbI, OTOOPAKATH UX B PA3HBIX
Macmrabax, aHAJIU3UPOBAThH MUKW B CIIEKTPAX, TPOBOIUTH TPATYHUPOBKY aM-
IUINTYAHOW INKAJIBI B €IUHUINAX Hepruu. [Iporpamma momnosineHna 6ubamore-
KOl raMMa-aKTUBHBIX M30TOIOB, 9TO MO3BOJISET UACHTU(MUIUPOBATH TUKU B
crnekrpe. [Iporpamma umeer MOHATHBIN U ya00HBIH nHTEpdEiic. 3

Ha Puc. 5.3 nokazano riiaBaoe OKHO Iporpammbl. B 60JibiioM neHTpasib-
HOM OKHE BBIBOJWTCS YaCTh BBIIEJEHHOTO AMILIUTYIHOTO CIEKTpa. Bo Bpeske
B IIPABOM BEPXHEM yTJIy 0TOOpAarKaeTcs OOIMii BUI CIEKTPA B JiorapudMute-
CKOM MacIiTabe, a YepHBIM TPSIMOYTOJbHUKOM BBIIEIEHA Ta 9aCTh, KOTOPAs
MMOKA3bIBAETCSA B MEHTPATHLHOM OKHE.

Hap nenTpasibHbIM OKHOM PACIIOIOXKEHBI KHONKU € MUKTOMPAMMAMHE J1J1si
caemyomux GyHKINN B MOPSAIKE CIEIOBAHUS CJIEBA—HAMPABO: OTKPBITHE CO-
XpaHeHHOTO (aiia CIeKTpa, COXPAHEHNEe TEKYINEero CIeKTpa, 3amyck Habopa
CIIeKTpa, OCTAHOBKA HAOOpa, COPOC CIIEKTPA, BBIIEIEHHNE DPACCMATPUBAEMOIA
obsactu (Region Of Interest — ROI), ormena Boinenenus ROI, Boibop Jio-
rapudMUIIECKOro Macmrada OTOOpPaKEeHHsI CIIEKTPa, BBHIOOP JTUHEHHOIO MAac-
mraba, yBeJnIeHrne MaciITada, yMeHbIIeHne MacIiITada, IeHTPOBKA CIIEKTPA.,
BBIOOp 0A30BOM JIMHUW MO BEPTUKAJBHON ocu. Bosee cioxkube DyHKINN 10-
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File Acquire Calculate Services ROI Display  Window
|| @ 0|14 KK oo o [Z06] @|2| 4| [o00r L3koNONOY MCR 129 -
Flos HL Aralysis

“=" Meb(1) - L3-KONONOY. MCB 129, Start: 13:24:17

16.11.2M0

Real 132836

Live: 131880

Dead kS
Preset Limits

%

ﬂ ROl ﬂ
& Pesk it
| ey ]
®ORTEC
135911
M 15.11.2010

Marker 78RR = 145766 kel 0 Cnts
Peak: 7585.90 = 1461.69 keV Libraiy: K-40 (Potassium] ot 1460.75 ; 7.377 ci

Gross Area: 1106 Met Area 1041 42

Puc. 5.3: Bun rmaBaoro okHa mporpammMbl Maestro.

CTYIHBI Yepe3 MEHIO TJIABHOTO OKHA. 37eCh HET HEeOOXOAMMOCTH MPUBOIUTH
onmcanue Bcex (yukimit mporpammbl. Heobxonnmbie neficTBUS i BBITOJIHE-
HESA pabOTHI M3/IOKEHBI HUKE, B ONMUCAHUN 3aIAHNH.

5.3 3SamaHus

1. Bxmounts ynpasssoniuit 60k DSPEC jr 2.0. 3anycturs nporpammy
Maestro mmst Windows. Ilogusts pabodee Hanpsizkenrne Ha JETEKTOPE.

MNepelitn Acquire—MCB Properties, 3aTem BO Bknagke High
Voltage knukHyTb On.

2. Tlocraputh pamuoakTusHL ncTounnk %0Co BIIOTHYIO K TOPIY JeTek-
TOpa HAIPOTHB ero cepeannsl. Habpars mpumepao 108 cobbITmit aMmm-
TYJJHOTO CIEKTPA.
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3apanme paccmatpusaemoii obnactu (Region Of Interest — ROI)

ROl no3BonsieT onpefennTb NONOXKEHWE NNKA, €MO LUMPUHY 1N HNCA0 CODbI-
Tnii. Yrobel 3agate ROI, Hago nesoli KHONKON MbILWKN BbIAEANTb NPSAMO-
YrOMIbHUK B OKHE CMEKTPa, Tak 4TODbI €ro cepefumHa no ropusoHTaNu COB-
nagana C MakyLlKOl NnKa, a WIMPUHA NPSIMOYrOJibHMKA Oblna HECKONIBKO
6onblUe BUAMMOIA WNPUHBI NKA B florapudgmMnyeckoMm macutabe. 3atem
KJIVIKHYTb NPaBOi KHOMKOW MbILUN BHYTPU NPSIMOYTObHUKA U B MOSIBUB-
LUEMCS KOHTEKCTHOM MeHIO BbibpaTh Mark ROI. Beigenennas obnacrtb
OypeT nomeueHa KpacHbIM LBeTOM. [lapameTpbl NMka MOXHO YBUAETH B
LOMOJIHNTENIbHOW CTAaTYCHOW CTPOKE NOA OKHOM CO CMEKTPOM WU B TEK-
cTtoBoM Dokce, nosBastowemcs npu Bbibope nyHkta Peak Info B KOH-
TEKCTHOM MeHi0. [1ns BbluMCeHns napaMeTpoB MuKa nporpamma npo-
BoauT nogroxky B npegenax ROl rayccosoii cyHKumeid, npeasapnTesibHO
BbIYMTAS JINHEAHYIO MOMAIOXKKY.

Y1066 0TMenunTb Bbigenerdne ROI, Hafo neBoii KHONKONW MbIIKM 334aThb
MPsIMOYrOJIbHUK HECKONbKO bonbluein wuputbl, Yem ROI, n B KoHTekcT-
HOM MeHI0 BbiOpaTh Clear ROI. Takke MOXHO CHATb BbIAENEHUE BCEX
ROI, BbiOpaB B rnasHom meHto ROI—Clear All.

3. Ilocse nabopa crekrpa mpoBecTu KaanOpPOBKY aMILIATY/HONW MIKAJIBL /e~
TEKTOPa. ITO MOYKHO CIEIATH TTO TIMKAM OT y-KBaHTOB ¢ 3Hepruei 1173.2 k3B
u 1332.5 k3B u3 pacnama %°Co.

CHauvana HeobXOANMO YHUHTOXNTL TEKYLLYIO KaNUMOPOBKY: B IaBHOM Me-
HiO BbIOpaTh Calculate—Calibration, B NOsSIBUBLUEMCS [MANOrOBOM
OKHe KJINKHYTb Ha KHonke Destroy Calibration — kanubposka Oymer
YHUYTOXEHaA.

HT100bI MpoBeCTV HOBYO KanuMbPOBKY, Hafgo BblAennTs ¢ nomoubto ROI
BCE MUKM, MO KOTOPbIM cobupaeTech KanmbposaTbes. s kKannbpoekn
LKasbl AOCTATOYHO OAHOro MNMMKa, HO MOX>XXHO 3aadTb HECKOJIbKO MNMNKOB
ANA ydeTa CABUra Hyns m HETMHEMHOCTW LUKAJbI. ﬂ'.ﬂﬂ p,O6aBJ'IeHI/|ﬂ nnkKa
K Kanmbpoeke noctaBbTe Mapkep BHyTpu cooTsetcTsytowein ROl n ot-
Kpoiite guanor kannbpoekm (Calculation—Calibrate). Beeante uc-
TUHHOE 3HAYEHUE SHEPrUN B KUJI03/EKTPOHBOJSIbTAX, COOTBETCTBYHOLLEE
faHHomy nuky. [loBTopnTe Npoueaypy Anst APYrux MMKOB.

4. OnpenmennTh 9ncao coObITHit B mukax Ni u N 3a BBIYETOM TOIJIONK-
ku (Net area), COOTBETCTBYIONIMX PETUCTPAIMU IIEPBOTO U BTOPOTO Y-
KBAHTOB, & TaKKe YHUCJIO COObITHit [Ny B MHUKE, KOTOPBIA COOTBETCTBY-
eT OIHOBPeMeHHOl perucrparuu oboux y-ksantoB (Fs; = 2505.7 k3B).
Ucnounb3ysa dopmyast (5.3), nouayuurs 3naderus 3GbGEKTUBHOCTUA Peru-
CTpalUU KazKI0I0 Y-KBaHTa u akrusHoctu ucrounuka %0 Co, ompenesurs
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ux ommbku. B KadecTBe BpeMeHu HaGOpa UCIOJB3YHTE JHCUBOE BPEMA
(Live time), BbLIABAEMOE IIPOrPAMMOIA.

He cOpacbiBasg mpempiayIimii CIeKTp, HAOPATh CIEKTP OT MCTOTHUKA

137Cs (B, = 662 x3B).

Omnpenennts IIIITIB (FWHM) Bcex Y4eThIpEX MMEIOIUXCS TTHKOB.

O6paboTka n npeacTaBJeHNE Pe3yJIbTATOB

. 3amoaHuTh TAbIUILY

EIYT, k9B | EY*°, k9B | AE, xaB
661.66
1173.23
1332.49
2505.72

. Hocrpoiite rpadbuk orivansi ©3MEPEHHOTO 3HAYEHUS YHEPIUU MMHUKA OT

rabmranoro (EY¥M — EMCT) g sapucumocrn or sneprum nuxa EXCT.
DToT TpaduK OTparkaeT HeTHHEHHOCTH MIKAIBI 1eTeKTOPA.

Iocrpoiite rpaduk sxcrnepumenTanbhoit 3asucumoctu (AE)? or suep-
TUU KA, EECT. [IpoBeauTe TPAMYIO AITPOKCUMHUPYIOIILYIO SKCIIEPUMEH-
TAJbHBIE TOYKH, [IJIsl 9€r0 MOKHO BOCIIOJIB30BATHCS METOIOM HAUMEHbB-
mux KBaaparos (cu. uput. .1). U3 naiinennoro kosdduimenra HakjIoHa
UPAMOIA, ucnoJb3ys ypasuenue (5.1), oupejesnre SHEPIUIO W, UIYILYIO
Ha oOpa3oBaHue Mapbl ATeKTPOH-IbIPKA, Mpenoaaras, uro ¢paxrtop Pa-
mo F =0.13.

MeTtoa HaMMEHbIIINX KBAaAPAaTOB

Mero/1 HAMMEHBIINX KBAJIPATOB ABJISAETCH OJHUM U3 METOJOB CTATUCTUYECKO-
0 aHAJM3a, JJIsi OIEHKN HEM3BECTHBIX BEJIMYWH IO PE3yJIbTAaTaM U3MEPEHUA,
cozepKamux caydaiiabie omubku. OH ABJISETCS YACTHBIM CJIydaeM MeTOIa
MAaKCAMYyMa, IPABA0NOI00Us B CIydae HOPMATBLHOTO PACIPEIeIeHI N3MEPEH-
HBIX BEJTUIHH.

Paccmorpum mpocToit 9acTHBIN caydail — HAXO0XK/IEHUE JTUHEHHON 3aBUCH-
moctn y = f(xz) = kx+c nys Habopa n3 map namepenuit (z;,v;), i = 1,2,...,n,
IpY OJIMHAKOBOH omuoOKe ¥; u Majoi ommuodke ;. CoCTaBUM CyMMYy KBaIPaTOB
orknonennit (y; — f(x;)):
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Haiinem takme 3uadenus k u ¢, mpu KOTOPBIX cymMMma S Oymer MUHUMAJbHA.
VemoBust muaumyma S OymyT

a8 n

% = “22im(yi —kzi—bjzi =0,
a8 n

e =23 (yi —kzi —b) =0

OTHU ypaBHEHHUS MOXKHO IEPelrcaTh B BUE
n n n
S yiwe = ay ai+by w,
i=1 i=1 i=1
n n
Z Y = a Z x; + nb.
i=1 i=1

st kparkocru o0o3HAMUM Z = . 2Z;, T Z — 910 &, &* unu yx. Bol-
paskeHns I HCKOMBIX TTapaMeTpoB OyIyT

p - ToE
22 _ 32
c = y—kz.

B caryuae, ecin BeJIMYMHBI Y; AMEIOT PA3HbIE OMAGKH 7, TO BCE yCPEeHEHNS
IpoBOAATCS ¢ Becamu 1/02, T.e.

(3

W

z =

n
— 0,

=N

1

7
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Crincok aurepaTypbl

[1] AMETEK Advanced Measurement Technology.
http://www.ortec-online.com.
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