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0(pHLHAIBLHOIO ONIMOHEHTA JOKTOPAa PU3UKO-MATEMATHYECKHX HAYK

BOPOBBEBA Anexcanapa I[1aBioBHua Ha AHcCepTALHUIO
JIEOHTBEBA Baaganmupa BukTopoBuua

«BBICOKOTOYHOE BOCCTAHOBJIEHHE HMIIYJdbCA MAJIOOHCPICTHYCCKHX

NPOAYKTOB pNn-B3aUMOAECUCTBHSA B 00J1aCcTH 3Hepruu eauHun I»B
MHKPOCTPHIIOBLIMH AE€TEKTOPAMMN»

IIpEJICTaBJIEHHON HAa COUCKAHHUE YYEHOM CTENEHU KaHauaaTa (PU3NKO-MaTeEMaTUYECKUX
HayK
o crieuuaibHOCTH : 01.04.16 — «Du3nka aTOMHOTIO sApa U 3JIEMEHTAPHBIX YaCTUL.

B HacTosliee BpeMs KpPEMHHUEBBIE IIOJYIIPOBOJHUKOBBIE JIE€TEKTOPBLI
SIBJITFOTCS HEOTHEMJIEMOW YaCThIO IMOUYTH BCEX IKCIEPUMEHTAIBHBIX YCTAHOBOK Ha
YCKOPUTEIISIX YacCTUL] [JIsl MPOBEACHUS DIKCIIEPUMEHTOB B 00J1aCTU (PU3MKH
aTOMHOI'O sApa M DJJIEMEHTApHBIX 4YacTtull. lIpoBoauMele U IUIaHUpPYEMBIE
UCCIIEIOBAHUsT B3aUMOJICMCTBUS 4YacTUL B O0JIaCTM 3HEPruid HECKOJIbKO [3B,
U3y4YEHHUE OKOJIOIMOPOrOBOr0 POXAEHUS ME30HOB U OapHOHOB B 3THUX PEAKLIMSAX,
TpeOYIOT pEerucTpaluy MajlOdHEPreTUYECKUX MPOAYKTOB pPeaKLUMd, B YACTHOCTH,
[IPOTOHOB U JIEUTPOHOB C KMHeTUYeCKOU 3Hepruen ot 0,5 go 200 MaB. Ilpu stom
HEOOXOAUMO BOCCTAHaBJIIMBAaTh HE TOJIBKO TPACKTOPHUIO ABWXKEHMS YacTULl U
OIIpEHENIsiTh WX TUI, HO M IIOJy4aTb JHEPreTUYECKUEe, BPEMEHHEIE,
[IPOCTPAHCTBEHHBIE XapPaKTePUCTUKA YaCTHUL C BBICOKOM TOYHOCTBIO.
[ToynIpOBOHUKOBBIE KOOPAWHATHBIE JIETEKTOPHI HauOosiee MOAXOIAT IJIs OTHUX
neneit. {uccepranus JleonteeBa B.B. mocpsieHa akTyalbHOM Teme, pa3paboTKe
HOBBIX METOHNOB  ONPEACNICHUS  XapaKTepUCTUK  SIAEPHBIX  peakluu B
3KCIIEPUMEHTaX MPU HU3KUX dHeprusx (MeHblue 2,5 ['3B Haseraroumero npoToHa)
C  UCHOJIb30BAHUEM  IIOJIYIIPOBOJHUKOBBIX  HETEKTOPOB.  AKTYaJbHOCTE
BBITIOJIHEHHOW pabOThl COCTOUT B TOM, YTO BCE pa3pabOTKU OPUEHTUPOBAHBLI HA
CO3JJaHME anmnaparypbl Jid YX€ IPOBOAUMBIX  HA YCKOPUTEIAX YaCTHUI
3KCIIEPUMEHTOB U UCIOJIB3YIOTCS B 00pabdOTKE 3KCIIEPUMEHTAJIBHBIX JaHHBIX.

JluccepraumoHHass paboTa COCTOMT W3 BBEICHHUS, IIECTH IJIaB, BbIBOJOB,
YEeThIPEX IPUJIOKEHUM U CHUCKa JurTepatypbl U comepkutr 140 crpanun, 15
TabJIML U 95 WiTroCTpanui.

Bo BBegeHHH OOOCHOBBIBAETCS AKTYaJIbHOCTh PadOThbl, KPAaTKO HW3J1araeTCs
UCTOPUSL  Pa3BUTUS  HMCCIENOBAaHUM 1O  BBIOpAaHHOMY  HalpaBJIEHHUIO.
Gopmynupyercs 1ejb padoThl U 3aJa4yd UCCIENOBAHWM, MOJIOKEHUSA, BBIHOCUMBIE
Ha 3auTy. OnuceIBaeTCsl Hay4yHasi HOBU3HA U IPaKTU4YeCKas LEHHOCTh pabOThI.




B nepBoM _rjaBe JuccepTauMyd NpeACTaBJIEHa, BbINOJHIEMas C
npuMeHeHueM KpemnueBbix TpekoBeix TenmeckonoB (KTT), HayuyHas mporpamma
s ycraHoBkM ANKE, pacnonoxeHHOH Ha BHYTPEHHEM ITy4YKe YCKOPUTEJS
COSY (HOmux, TI'epmanus). Ilpu BeimogHeHun o3ToM mnporpammel KTT
o0ecrneynuBaeT U3MEPEHUE CTENEHHU MNOJISPH3aLMUA My4YKa YCKOPHUTENsl, KOHTPOJIb
CBETUMOCTH, a TakKXe M3IMEPEHUE IMIPOCTPAHCTBEHHBIX KOOPAMHAT TOYEK
B3aUMOJEHUCTBUA TMEPBUYHBIX YaCTHUL[ B MCCIEAYEMBIX pEaKUMUAX, I103BOJISET
ONPENEIATh KUHEMATUYECKHE  XApPaKTEPUCTUKM  BTOPHUYHBIX  YacTUL[ U
UIEHTU(DULAPOBATh IMIPOAYKTHI pEaKIIHH.

Bo BTpoM rjgaBe auccepranydu IPUBOAATCA: onucaHue cucremol KTT,
XapaKTEPUCTUKU TOJYTNPOBOAHMKOBBIX JE€TEKTOPOB, CUUTHIBAIOIIEH 3JICKTPOHUKH
U KOHCTPYKLHUHU €AUHAYHOTO MOJYJISI CUCTEMBI. ABTOPOM OITMCAHbI, BBIIIOJTHEHHBIE
C €ro ydacTtdeM, pa3pabOTKH IIpOrpaMMHOro oOecrnedeHus i TECTUPOBAHMUS
KPEMHUEBBIX I/l aeTekTopoB, BXxoasumux B coctaB KTT, pesynbrarel camux
WCTIIBITAHUN JIETEKTOPOB HAa CTEHAE C MCTOYHUKOM PAJHMOAKTUBHOTO U3JIYUYEHMUS,

[T03BOJIMBIINE BBINOJHUTH COOTBETCTBYIOLLYIO OTOPAKOBKY JIETEKTOPOB U YYECTb
X XapaKTEpPUCTUKHU IpU 00pabOTKe JaHHBIX peanbHOro 3kcrepuMeHTa. [loapobHo
ONMCaHa HACTpPOMKa I[1apaMeTPOB MHOIOKAHAJIBHBIX MHMKPOCXEM II€PBHUYHOMN
00pabOTKU CHUTHAJIOB C I/ JE€TEKTOPOB, UCIIBITAHUS OJIOKOB 3JIEKTPOHUKH, C
UCII0JIb30BaHUEM COOTBETCTBYIOLIETO CIIeLHaJIbHO [TOArOTOBJIEHHOTO
nporpaMMHoro obecnedeHus. I[lonydyeHHble AaHHBIE MOKa3aJiM HEOOXOAUMOCTH
U3YYEeHUs BIIMSHUA TeMIlepatypbl Ha xapakrepucTtuku K11 cucremsel, a Takxke
HEOOXOAUMOCTh CTAaOMIIM3aLMU TEMIIEPATYphl BaKyyMHOH YacTH JJIEKTPOHUKH M
JIETEKTOPOB. bbUIO MOKa3aHO, 4YTO TEpMOCTAa0WIM3alMs CHUMAeT IpodeMy
nperda nbeaecTaloB U KO3OGUUHUEHTA NepeJayu CUrHaI0B BO BpeMs pabotsl KTT
CUCTEMBI.

B _TpeTbeill rjaBe auccepTalMyd ONMCAaHbl IMpOLEAypbl KaJlUOpPOBKM U aHajM3a
[IEPBUYHBLIX JaHHBIX JHepretuyeckux KaHajoB KTT cucremsl. PaccMmorpeHa
METOAWKAa padOThl HAa YPOBHE OJHOTO YYBCTBUTEJIBHOI'O 3JIEMEHTA, OIHOIO
JETEKTOpa U MOJAYJSA CUCTEMBI B LE€JIOM i1 BOCCTAHOBJICHUS I1€PBOHAYAIBHOU
SHEPrUM UACHTUQUUUPYEMOro TMPOAYKTa peakluuu. B riaBe paccMoTpeHa
JHEepreTuyeckas KajuOpoBKa U3MEPUTEIBHOIO TpaKTa C HCIOJb30BAaHHEM CEPHUU
UMITYyJIbCOB TECTOBBIX CHUTHaJIOB. Jlajiee, HMCHOJb3ys paJUMOaKTUBHbIE ajib(a
UCTOYHUKH, OblJIa pa3paboTaHa NpoLeaypa yIy4lleH!s 3JIEKTPOHHON KaJIMOPOBKY,
YUYUTBIBAIOLIAsd HaJIUYHE€ HEYYBCTBUTEJBHBIX K HWOHU3BUPYIOLIEMY H3JIYYEHUIO
CJIOEB B I/l KPEeMHHUEBOM JieTeKTOope. Pa3paboTaH COOTBETCTBYIOLLUN
MaTe€MaTU4YECKHM amnmapaT M [OATOTOBJIEHO HEOOXOAMMOE MNPOrpaMMHOE
obecrnieyeHre. BCE€ 5TO MO3BOMMIO IOJIYYHUTh JSHEPreTUYECKOE pa3pelleHue
eAUHUYHOIO I/l AeTeKTopa IJs albda yacTtul (3Heprus ~>5 M»aB) paBHoe ~30
K5sB, uTo camo no cede siBisieTcss XopolIuM pe3yibTatoM. I1oapoOHo uccienosaH
BKJIa] Pa3IUYHBIX HUCTOYHHMKOB B 3TO DSHEPreTHUYECKOE paspelIeHUe, KOTOPOE




[IOKa3bIBAE€T, UYTO IIOJIYYEHHOE pa3pelleHUEe E€IUHUYHOIO AETEKTOopa OJIU3KO K
BO3MOXXHOMY Iipeneiy, Koropoe paBHO ~20 KsB. B rnaBe mnoapoOHO
pacCMOTPEHBI: KOPPEKTUPOBKH YPOBHEN CUTHAJIOB, KOTOPbIE HEOOXOAUMO BBOJUTE
B KaHajbl 3JIEKTPOHUKH, HU3-3a HAIWYUSA IMEPEKPECTHBIX HABOJOK B KaHallax
perucTpaud Jid OOHOIO0  HU3MEPUTENIBHOIO  DJIEMEHTA; KOPPEKTUPOBKHU
MEePEeKPECTHBIX HABOJOK B CerMeHTax OETEKTOPOB; KOPPEKTUPOBKU Oa30BOM
JIMHUU. B riiaBe paccMOTpeHa Ipoueaypa BOCCTAHOBJIEHUSI KUHETUUYECKOU SHEPTUH
npotoHoB u gAedtpoHoB B KTT cucreme. Hcnons3dys Monte Kapiio
MOJEJIUPOBaHNE, TMPOAHAIM3UPOBAHbEI BO3MOXXHBIE HCTOYHUKM OILIMOOK B
ONpeAeIECHUd KUHETHYECKOM JHEprud M crnocodnl uMX y4déra. Ilo pesynpratam
MOIEJIUPOBAHUS  OTHOCUTEJIbHAs  TOYHOCTH  BOCCTAHOBJICHHUS  HavaJbHOHU
KUHETUYECKOM SHEPTUM IJIs1 IPOTOHOB U JIEUTPOHOB C KMHETUYECKOU dHEpruen <
60K5B nporro3upyetcs He xyxe, yeM 1%. IIpu GoJiee BEICOKMX SHEPIUsAX YaCTHULL
METOJ BOCCTAHOBJICHHUS] HaYaJbHOW 3HEPTUHU MPO0JIKAET padOTaTh C IIOHUKEHUEM
TOYHOCTU. Pa3paboTaHHBIM METOJ BOCCTAHOBJICHHUS KUHETUYECKOW SHEPruu ObLI
IpOBepeH B ycJoBUAX pealibHOro akcnepumenTa ANKE (YHupepcuter HOnux,
['epmanus). g adcomrotHOM 3HepreTndeckor kanudpoBku KTT cucremsl, Obinu
BBIIIOJIHEHBI U3MEPEHUs] peaKkUUH YIPYyroro paccesHus IMPOTOHOB U JAECHTPOHOB
npu 3Hepruu ~2,4 13B. B pucceprauuy nmoapoOHO ornucaHa METOJMKAa TaKoHu
KaJMOpOBKH, KOTOpasi MO3BOJISIET COXPAHUTh TOYHOCTh U3MEPEHUS KUHETUYECKOH
SHEPrud NPOTOHOB Ha 1% ypoBHE, MpoaHaJIM3UPOBAHBI BO3MOXXHBIE OLIMOKU
n3MepeHuil. CpaBHEHHUE paCIpeacieHU HOHU3ALMOHHbBIX [OTEPh SHEPTUU OLHOU
YaCTHULBI B Pa3HbIX AETEKTOpPaX OJHOIO TEJIECKOIla JIEKUT B OCHOBE 3(P(PEKTUBHO
npuMeHsemoro it cuctembl KTT Metoma uaeHTU(UKAUUKA TUIIA YaCTHL] M IS
[IPOBEPKU KOPPEKTHOCTH IHEPreTUUYECKOM KAIMOPOBKU. | UCTOrpaMMBbl CpaBHEHUS
WOHU3ALUOHHBIX MOTEPh B Pa3HBIX JNETEKTOpaxX I103BOJISIFIOT XOPOILIO pa3AeiiUuTh
[IPOTOHBI U AEUTPOHBI. {1 4eTKOro (popMajabHOr0 pa3AeyieHUsl YacTHULl [0 TUIIaM
Obu1 BbIOpaH Tak Ha3biBaeMbld PID kpuTepuii, OCHOBaHHBIM Ha 3MIIUPUYECKOM
[paBUjie, YTO Ui TSKENbIX MEIJIEHHBIX 4acTull (IIPOTOH, AEHUTPOH) CpEeaHss
JUyIMHA TMpobera B BELIECTBE IIPONOPLIMOHAIbHA BEJIMYMHE MX HaYaJlbHOW
KUHETUYECKOW 3HepruM, B crereHu 1.76+£0.01. B aucceprauuu noapoOHO OnucaH
caM METO[, B IIPUJIOKEHUU K KOHKPETHOM KOHCTpYKUMU K'T'T, npoanaiu3npoBaHbI
BO3MOXHbBIE OIUMOKH C UCITOJIb30BAHMEM KaK pacu€TOB I10 IIPOrPaMMHBIM MaKeTaM,
TaK U pe3yJIbTaTOB U3MEPEHUS ONOPHOH pPeaKLUU YOPYyroro paccessHus IMPOTOHOB
Ha pgeuTtpoHax. PID wMetonm oOecrieddsi OpOCTOM W HAACKHBIM KpPUTEPHUIA
UJIEHTA(HUKALMY OCTAaHOBJICHHBIX IIPOTOHOB M AEHMTPOHOB, a TaK)Xe (PaKTa MpoJjeTa
qacTullbl Bcex AetektopoB KTT. Takum o0pa3zom, B OAaHHOW TIjaBe OBLIO
[IOKa3aHO, YTO BEJIMYMHA OKOJIO 1% SBIISIETCA TEM INMPUHLUIIMAIBHBIM IIPEAEIIOM,
K KOTOPOMY MOXHO HPUOJHU3UTHCA IJISI MCIIOJIb3YEMOM B JKCIIEPUMEHTE
cuctemMbl KTT. 32T0 orpanudyenne 3ama€rci MHOTOKPATHBIM KYJIOHOBCKUM
paccesHMEM 4YaCTHUl] B BELIECTBE JETEKTOPOB. JKCIEPUMEHTAIBHO TaKXe
[IPOAEMOHCTPUPOBAHO, YTO HapAAy C ONpEeleJIEeHHEM 3HAUYEHUH KHUHETUYECKOU
SHEPrUM MPOAYKTOB peaKLUuHd, H3MEpPEHHs DSHEPrud 4YacTUl 00eCHeYrBarOT
BbICOKOTOYHYIO HE3aBUCUMYIO UICHTU(MUKALIMIO IIPOTOHOB U AEUTPOHOB.
















