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Ob61as XxapakTepucTuka paboTsl

AxTyanbHOCTh PaGoThI

B Teopuy HYKJOH-HYKJIOHHOTO paccesHusl (byHAaMEHTAJIbHOE 3HAUEHHE
HMeeT u3pJiedeHne (BOCCTAHOBJIEHME) KOMILIEKCHBIX aMILIUTYJ MATPHULBI pac-
cestrus. JIj1a MolydeHus: BCEX aMIUINTYL HEOOXOAMMO MPOBOAUTD TAK Ha3bIBae-
MblIii TOJTHBIM OIIBIT, B PE3YJIbTaTe KOTOPOrO AOJKeH OBbITh Moy deH TaKoit Habop
3KCMEePHMEHTAIbHEIX HaBGII0NaeMBIX, KOTODBI II03BOJISIET IPOBECTH HCYEPIbIBA-
Iomiee onucanue nponecca. [IoHEBIA 9KCIEPUMEHT BKJIIOYaeT B cebsl u3MepeHus
C HOJIIpU30BaHHBIMY YaCTHLAMHU-CHAPSAAMH, & TaKKe C NOJISPH30BAHHbIMYU MH-
HIeHsSIMH. DTO BecbMa GoJIbIIasi U TPYLOEMKas 3aa4a.

OpHako, B HEKOTOPBIX CJIyYasX BO3MOXKHO ONPEAENUTh OTAeIbHbIe aMILIK-
TyAbl MATPHILI paccesiHusl, JIM60 MX COBOKYIHOCTb, NMyTEM BhIOOpa CIElUaIb-
HBIX 9KCIEPUMEHTANIbHBIX ycaoBuit. OIHON U3 TAKUX BO3MOXKHOCTE! sIBJIsieTCs
U3y4eHVe peaklyu nepe3apsiKi Ha AEHTPOHe, KOTOpas NP HEKOTOPLIX AOIY-
IIEHNUSAX ONIPELEIsieTCsl TOJILKO 3aBUCHLIMMYU OT CIIHA KOMIIOHEHTaMHU aMILTATY,
HEHTPOH-TIPOTOHHOTO YIPYroro paccesiHus. DTa uies Obuia ¢opMain3oBaHa
MaTeMaTHYeCKHd B LeJIOM psifie TeopeTrdeckux pabot. BaxkHo To, 4To mosiBMIach
BO3MOXXHOCTb M3BJIEUb CNHMH-3ABUCALLYIO YACTh AMILIUTYAbI NP-PACCEsHUS C UC-
IO/Ib30BAHNEM HEIOJISIPU30BAHHEIX [IPOTOHOB ¥ HEMOJISIPU30BaHHbIX AEHTPOHOB
B pEaKUUsX Mepe3apsiiKi Ha JeHTpOHe. DKCIEPUMEHTAILHO TaKyIO CEPUIO pa-
6OT MBITAINCEH BHINIOJIHATD Ha IyYKaX CENapUPOBAHHBIX MJIN KBAa3W-MOHOXPOMA-
THYECKUX HEATPOHOB OT CTPHUIIINHTa YCKOPEHHBIX JEHTPOHOB.

Ha cunxpodazorpone JIBD OMAU 6611 npoBeEH SKCIIEPHMEHT C UCIIOJb-
30BaHNEM BOJOPOJAHON Iy3bIPPKOBOY KaMepkl, B KOTOPOM YCKODEHHBIE JeHTpO-
Hbl QAN HA IMPOTOHHYIO MulleHb. IIpu Takoi MOCTaHOBKE OMbITA JEHTPOHB
MOHOXPOMATHYHBI, & J{Ba BTOPUYHBIX IIPOTOHA (IPOAYKTH! PEAKIUY HePe3aps -
KN JeATpOHA Ha MPOTOHE) SIBJSIOTCS OBICTPHIMU M BBUIETAIOT B [EpEHEM Ha-
[PaBJIEHUN N0, MaJIbIMK yrilaMu. JIo Hadgaa HAIIMX HCCAENOBAHUMN ApYTHe 9KC-
IIEPUMEHTH! € [LyYKOM JEeHTPOHOB NMPAKTHIECKH OTCYTCTBOBAJIM.

AHasus SKCIepUMEHTAIbHBIX JaHHBIX ONPABAAJl OXKHUIAHUsI, ¥ II0 MEPE pa3-
BUTHA JETEKTUPYIOIIEl TeXHUKN U cHCTeM cOOpa JaHHBIX, MO3BOJIHI chOpMy-

JIIPOBaTh TPeOOBAaHMS K PEUICHMIO 33/a4M JEKTDPOHHBIMH MEeToaMM. Bruia



cozgana ycranoska CTPEJIA, koropasi Havaja DyHKIMOHMPOBATh Ha IydKe
JelTpoHoB, yckopeHHbx Ha Hykmorpone JI®BD OUAN.

Ilens gucceprauyoHHO# paboTsl

o IIpoBenenue aHAIN3a peakiyy rnepe3apsiiku dp — (pp)n B AeHTPOH-IIPOTOH-
HbIX B3AaHMOJEHCTBUAX Ha BOJOPOAHOU NMy3bIPHKOBOM KaMmepe [Jisl opezelie-
HUsl CIIHH-3aBUCSIIEH YACTH aMIUIMTYIb NP — PN PACCESTHUS.

o IlpemtoxeHue s/ieKTPOHHOrO 3KcnepuMenTa (ycranoska CTPEJIA) ¢ nensio
HCCIeNOBaHNAs 3aPsiI0BO-00MEHHBIX MIPOLECCOB Ha MydKe aefiTpornos. Mcmel-
TaHHE 3JIEMEHTOB YCTAHOBKH, B TOM 4ucJe ApeiichoBBIX KaMep B KaveCTBe
TPEKOBBIX IPUGOPOB BEICOKOI pasperiaionielt CltocoBHOCTH.

e Co3zanne cUCTeM MPOrPaMMHOro obecriedeHust st paboTel BO BpeMs 0biy-
yenust ycranoBk CTPEJIA Ha nydke yCKOPEHHBIX JEHTPOHOB U BOCCTAHOB-
JIEHHs! TPEKOB B ApeiichOBbIX KaMepax.

Hay4ynasi HoBuU3HA

o ITpoBenén ananu3 dp-B3aMMOIEHCTBU, IOTYyYEHHBIX ¢ oMowibio 100-canTH-
METPOBOY BOZOPOAHOM Iy3bIpbKoBo#t Kameps! JIBD OUAN npu ummnysnce
3.35 I'aB/c. OueHeHb! MOTEpPH B yIIPYyroM PacCesiHUM U MOJIydYeHbl 3HAYEHUS]
MIONIEPEYHBIX CEYEHHH OTHEJbHLIX KaHaloB dp-B3amMopeiicrsuii. KavecTsBo
3KCIEPUMEHTAILHON MHMOPMALUN CBUAETE/ILCTBYET O €€ NPUTrOJHOCTH IJIst

rocjie iy rouero (bHBI/I‘{eCKOI‘O aHaJIN3a.

o BrepBbie B 9KCKJ/IIO3MBHON [OCTAHOBKE HCC/IeN0BaHa 6e3Me30HHAsT PeaKuys
dp — ppn. Onpexneneno auddepeHnpanbsHOe CEYEHHE PEAKLIUY NIepe3apsIKu
(dd/dt)dp_;(pp)n |t=0 =30.2+4.1 M6/(F3B/C)2.

e Briepsbie Ha myuke AeHTPOHOB MOJYYEHO OTHOMIEHHE Rp,_ypn Auddepen-
LUaJIbHBIX CedeHuii nepesapsamku npu ¢t = 0 B peakuuax dp — (pp)n u
np — pn. B paMkKax HMIyIbCHOrO NpUOIHIKEHHsT NMONYYEHHOE 3HAYEHHe
Rppspn = 0.55 £ 0.08 cBuueresnscTByeT o npeobiamaiomeM BKJIaJe CIHH-
3aBHCALIEH YacTH CEYeHHsI Mp — PN PaCCesHUSI U COMVIACYeTCsl C JAHHBLIMH

JPYTHX IKCIEPHMEHTOB B 06/acTu GJIM3KHUX SHEPTUii.



o ITpu MCrOIL30BAHNN PE3YNBTATOB MCCJIEOBAHNH, OIYYEeHHbIX Ha BOZOPOI-
HOIt ITy3bIPLKOBOM KaMepe, 6bL1 TOATOTOBJIEH IPOEKT SJIEKTPOHHOTO IKCIIEPH-
MEHTa, JIsl U3y4eHHUs] peaKLUH lepe3apsaaKu Ha JefTpone B 06J1aCTH SHeprui
Boinre 1 I'sB. PaccMoTpeHa BO3SMOXKHOCTh ONPEJEJICHNs] CIIMH-3aBUCsIEe] Ya-
CTH aMILTHTYIbI SJEMEHTAPHON Mepe3apaiKu np — pn Ha OCHOBE IPSMOro
u3Mepenust guddepeHuuatbHoro cedenus: (do/dt)gp— (ppyn 1pu t = 0.

e IIpu akTUBHOM y4acTHHU AUCCEPTaHTa Oblia co3pana yeranoska CTPEJIA —
OJHOILJICYEBOl MACHATHBLINA CHEKTPOMETD, OCHOBHBIMHU 3JIEMEHTAMY KOTOPOH
ABJAIOTCA 6JIOKH APeihOBBIX KaMep B Ka4eCTBe KOOPAUHATHBIX JETEKTOPOB.
Briepsrie nmpoBefeHo 00JIyueHNe YCTaHOBKM B MyYKe JENTPOHOB HMILYJIbCA
3.5 I'sB/c na yckopurensuoMm kommiekce Hyknorpona JIOBD ONAN.

e B mponecce cosmanns u ycosepuieHcrBoBanus ycraHoBku CTPEJIA 6bun
pa3paboTaHbl M PEaJIU30BaHbl KOMILJIEKCH! MporpaMM o6paboTKM M aHasu-
3a SKCIEPUMEHTAJBHBIX JaHHBIX. I10/IyyeHHOe 3HaYeHHE IPOCTPAHCTBEHHO-
ro pasperenusi ApeidoBLIX KaMep JEXKHUT B guanazoHe 90-120 MM, yTo
TIO3BOJISIET OCYIECTBUTDH HCC/IEIOBAHUS 3aPAI0BO-OOMEHHBIX [POLIECCOB BO
B3aUMOIEHCTBUAX JEHTPOHOB C IPOTOHAMH.

IIpakTnyeckasi 3HAaYUMOCTb

BrlnosinenHas paboTa sIBISIeTCH YACTHIO MPOrPAMMEBI HCCJIELOBaHUN MaJio-
HYKJIOHHBIX CHCTEM B paMkaX npobiieMHo-reMmarndeckoro miana OUAU. He-
MOJIb30BaHMe CIabOCBsI3aHHOM CUCTEMBI ABYX HYKJIOHOB, KaKOH sIBJIsieTCH Heit-
TPOH, B COBOKYITHOCTH C €r0 KBaHTOBBIMH UHCJIaMH, [03BOJISIET B PaMKax MPo-
CTBIX HPEAOJIOKeHU (UMITynbcHOe NpUGIMKEHNe) ¢ IPUMEHEHHEM MPUHIH-
na Ilaynu mosyynuTh CBelleHUsl O BKJIQJE CIUH-3ABUCSILEH YACTH aMIUIUTY.bI
np — pn paccesHUs!, He npuberast K CJIOKHBIM NONSPU3ALUOHHLIM HCCIIEAO0-
BaHUAM. IIpu TakoM noxuxome JOCTATOYHO U3Y4uTh AuddepeHnuaabHble omne-
peyHble CeYeHHsT 3aPsa0B0-00MEHHBIX IIPOLIECCOB B dp U Np-B3aUMOAEACTBHAX
IPM MaJiblX IepeJAaHHBIX UMIyIbcaX. ILoJIydYeHHble PESYNBTATHEI MOTYT OBITH
HCITO/IB30BaHb! IS ¢a30BOro aHaM3a, a NPH NPOJBUXKEHUH B 06/1acTL Gosee
BBICOKMX 3HEpruil, IO3BOJIAIOT NPOBEPUTh U YCOBEPILIEHCTBOBATh UMEIOLIMECSH

MOZAEJIM CUJILHOI'O B3aHMOJEHCTBUS HYKJIOHOB.



BaskHbIM fIBJISIETCS] COBEPILEHCTBOBAHHE IKCIIEPUMEHTAJIbHOM YCTAHOBKH
nyTéM IPUMEHEHUs] COBPEMEHHBIX METOJIOB UCCJIEOBaHU i COOTBETCTBYIOWIErO
nporpaMMHOro obecreuennsi. [TosyyeHHBIe Pe3yNbTaThl MOTYT OBITH HCIOJIB30-
BaHBI PY IJIAHHPOBAHUA HOBbIX SKCIIEPHMMEHTOB, HANPABJIEHHBIX Ha YIJIyOiéH-
HOE HCCJIe[IOBaHUE B3aUMOMEHCTBUI dJIeMEeHTapHbIX YaCTUL ¥ aTOMHBIX fLep.

Ha 3aluTy BBIHOCATCHA CJjieAyIoLIne OCHOBHbIE pe3yJibTaTbl

e PesysnpraThl aHAIN32 KCIEPUMEHTAJBHBIX JAHHBIX MO B3aUMOJEHCTBHSAM
ZetirponoB ummysbca 3.35 T'3B/c ¢ nporonaMu, MoNy4eHHBIX Ha BOJOPOJ-
HOI Iy3BIPHKOBOI KaMepe.

o PesysnbTaThl H3y4eHNs: peakuuu dp — ppn, BblAEIeHNE KaHaJa nepe3apsIKu
dp — (pp)n u nonyyenue nucddepPEHIHATLHOIO CeYeHUsl STOr0 KaHajla Ipu
HYJIEBOM IepeTaHHOM UMIYJbCe.

L4 OIIEHKa. BKJIaIa CIMH-3aBUCAILEH 4acCTH aMIJIATYAbI NP-PacCeAHUs U3 IIPO-
ecca Inepe3apaaku Ha aeifrrpone B paMKaX UMIIYJIbCHOr'O npnﬁnmxe}mﬂ.

o Pe3ysnbTaThl METOTHYECKUX HCCIIEJOBAHMI, HATIPABJICHHEIX HA PA3BUTHE yCTa-
Hosku CTPEJIA na Hyksorpone, u co3zanne nporpaMMHOro obecrnedyeHusl,
HeoOXOAUMOTO JJIs aHANIN3a MOJYYEHHBIX SKCIEPUMEHTAIBHBIX JaHHBIX.

Anpobauus pabotrsl u mybaukanuu

PesynbraTh! uccieoBanuil, BKIIOYSHHBIX B JUCCEPTALIMIO, OMyGINKOBAHBI
B BUJE CTaTeit B HAYYHOM IEPUOAMKE, & TaKKe JOKJIabIBAJINCh Ha PANE MEXK-
JYHapOOHbIX KOH(EpPEeHIU U ceMUHapoB. B TOM uucie, Ha MEXAYHAPOLHBIX
coBemanuax «PenaruBucrckas sigepHas ¢dusuka: or cored MaB go TsB» B
Crapa Jlecua (Caosakus — 2000 u 2009 r.) u Mogpa I'apmonus (CyioBakusi —
2006 r.), Ha paboyeM COBENIaHUY [0 IPOTOH-ACHTPOHHBIM B33aMMOEHCTBUAM
(dy6ra — 2002 r.), Ha MeXXAYHapOJHOM CeMHHape no npobiemaM (bU3UKY Bbl-
COKMX dHepruit «PensTuBucrckas sinepHas pU3HUKa ¥ KBAHTOBas XPOMOIWHA-
mukas (dy6ua — 2000, 2002 u 2006 r.) u cemunapax JI®BD OULAN.

Concok myGmukalui, COmepXKaluX OCHOBHBIE PE3yJLTaThl JUCCEPTAINM,
npuBeiEH B KOHIe apropedeparta [1-12].



CrpykTypa u 06bEM guccepTanuu
Juccepranys COCTOMT U3 BBEIEHHUS, YETHIPEX [VIaB 1 3akJiodenust. O0ummit
06bEM cocTabisieT 112 CTpaHMI] MAIIMHONKMCHOIO TEKCTA, BKJIIOYAsS CIMCOK JIU-

TepaTypsl U3 92 HauMEHOBAHMIA.

Copep2xaHue paboTsl

Bo BBeaeHuM 060CHOBaHA aKTyaJIbHOCTh BBINOJIHEHHBIX HCCJ/IEAOBaHHUM,
cchopMyIMpOBaHa IeJIb U HayydHas HOBU3HA JyuccepTauuoHHoM paborsl. Kparko
U3JIOXKEHA, CTPYKTYPa AMCCEPTALMH.

B nepBoii riaBe oOCy’kAeHbI MM, BIEPBbIE BBICKA3aHHbIE B paboTax
ITomepanuyka n Uy, ykasaBuime Ha BO3MOXHOCTh HCIIOJIb30BaHUS 3apsiIOBO-
0OMeHHBIX IPOLIECCOB Ha AEHTPOHE MJIsl ONpee/ieHUsl BKJIaJa CHUH-3aBUCHILElH

YaCTH aMILUTUTYIABI NpP-yIPYTOro PacCesHHUs .
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Puc. 1. Cxemarnyeckoe n3o6paxkenue a) 3JEMEHTAPHOM pEaKLUH Nepe3apsifiKu Heil-

TPOHa Ha MPOTOHE U 6) nepe3sapsiiKu AeHTPOHA HA NPOTOHE-MHLIEHH.

Ha puc. 1 cxemaTiyecku u306pakeHbl JBa NPOLECCA: dJIEMEHTADHAS pe-
aKIys Nepe3apsIKH HefiTpOHa Ha IPOTOHE Mp — PN U PeaKUusl Nepe3apsiIKu
JefiTpOHa Ha NpOTOHe-MHILeHH dp — (pp)n. 3aech B cKOOKax [Ba MPOTOHA, CBS-
3aHHBIE C NMaJAlOIUM AEHTPOHOM, & MMEHHO, NPOTOH-CIIEKTATOD ¥ NPOTOH OT



KBa3U-Np MEPEe3aPAIKHY, T.€. Mepe3apsiiKi HeUTpoHa (CBA3aHHOTO B AedTpOHe)
Ha [IPOTOHe-MUIIEHH. BepTUKAJILHBIMU CTpeJIKaMM O003Ha4YeHbI HANpPaBJIECHUS
CIUMHOB HYKJIOHOB OTHOCHTE/BLHO NPOU3BOJILHON OCH KBaHTOBAHHUS.

B ciyuyae peakuuu nepesapsaki HeWTPOHa Ha npoToHe (puc. la) BO3MOXK-
Hbl 002 HanpaBJIeHUs! CIHHA PaCcCesHHOrO MPOTOHa. B mpoliecce mepe3aps Ky
ZedTpoHa Ha mpoToHe (puc. 16) obpasyercsi CUMMETPHYHAs! 110 3apsJY CHCTe-
Ma U3 ABYX IPOTOHOB C MaJIbIM OTHOCHTEJILHBIM MMIIYJIbCOM. B cuity mpus-
nuna ITaymu (craructuka ®epmu—/[lnpaka Ajisi NOJIYUENbIX CIHHOB) IPH CO-
XPaHEHHH MPOCTPAHCTBEHHON CHUMMETPHH, aHTUCHMMETPHYHOCTD IOJIHOM BOJI-
HOBOM (YHKLMH ABYX IIPOTOHOB OyJeT JOCTUraThCsl TOJILKO B Cjydae Iepe-
BOPOTa CIIMHA PACCESTHHOrO NMpOTOHa. JeTpPOH B JaHHOM Cllyyae BBICTYNaeT
KaK «CIMHOBBIA (PUIBTD», & CIHH-3ABUCSALAsS YaCTh AMIUIUTYAbl 3JIEMEHTap-
HOM np-nepe3apsifKH NPOsIBJIAETCA Yepe3 BEPOATHOCTh PeaKIUU Mepe3aps Ky
Ha neTpoHe.

Maremaruyeckuit HopMaJiu3M, HCIOJL3YEMBbIH IJIs1 ONpeesieHHus BKIaJa
CNUH-3aBUCAIIEH YACTH aMIUIMTYAbl NP-PACCEsIHUS U3 MPOLECCa [epe3apsaKu
Ha fJeiiTpoHe, Obln pa3BuT B paborax Hduua u np. HuddepenuuansHoe morme-
peYHOe CeyeHue NP — PT PaCCEssHUA MOXKET ObITh MIPEACTABJIEHO B BUAE CYMMBI
cnuH-He3aBucAwWel (uunexe SI) n cnmn-3aBucawedt (augekc SD) yacTed

(da/dt)np—ﬂm = (do'/dt)f;;{-—)pn + (da/dt)vszz?—-bgm i (1)

rae t — KBaJpaT YeThIPEXMEPHOrO MEPEJaHHOr0 UMILYJIbCa.

B pamxax MMIyJIbCHOrO MpHOJIMKEHHsT COOTHOLIeHWEe Mexay auddepen-
IMAIbHBIMU CEYeHMSIMH Nepe3apsaiKu JeHTPOHa Ha poToHe dp — (pp)n u ae-
MEHTaPHOI MePe3apsiaKy NP — Pri MOXKHO 3aMUCATh KaK

(da/dt)dp—’(m’)n = {1—Fd(t)] (do-/dt)gglz—-)pn'*'[l - 1/3 Fd(t)] (dd/dt)sz?—nm ’ (2)

rae Fy(t) obosnadaer dopmakrrop aeiirpona. IIpyu HyNeBoM HepeIaHHOM HM-
nymsce (t = 0), xorma Fy(0) = 1, auddepeHnuanbHoe MoNepeyHoe CeyeHue
nepe3apaiKy Ha AeATpoHe ByJeT PaBHO

(da/dt)dp-a(pp)n =2/3 (da'/dt)i;?—)pn . 3)



Takum 00pa3oM, uMeeTCss BO3MOXKHOCTb OIIPEINEJIEHHMST YaCTH B3aMMOIel-
CTBUSI HEATPOHA M NPOTOHA, KOTOPas MOJIHOCTBIO 3aBHCHUT OT CIHMHA. Peakuus
epe3apsiiKy HeMoJITPU30BAHHOTO JeMTPOHA HA HENOJIsIPU30BAHHOM IIDOTOHE-
MHUIIEHY MPY HYJIEBOY Iepeaaye UMILYJIbCA OIpPeleisieTcsl CIUH-3aBHCALIEH Ya-
CTBIO Mepe3apsiKi HeUTpOHA Ha nporoHe. AHajus mpouecca dp — (pp)n npu
MaJIbIX MEepeJaHHbIX MMIIYJIbcaX, OJIM3KMX K HYJIIO, TIO3BOJISIET OLEHUTh BKJIN
CIIMH-3aBUCAINEN YaCTH aMIUINTYAbl PEAKIHHU IIePe3apsaaKu np — pn.

B konue riiasbi 006cy K qeHbl u30paHHbIE UCCIIENOBaHUS ¢ JeiiTpoHamu. Pac-
CMOTpEHHE SKCIEPHUMEHTAIbHBIX JAHHBIX [0 ONPeAesIeHUIO CIIMH-3aBUCAILEH Ya-
CTH aMIUIATYOBl NP — PN Nepe3apsiKy I0Ka3ajo, YTO B HACTOsIIEe BpeMs
cyuiecTByeT 6ojiee MJIM MEHee IOJIHAs KapTHHa B HHTepBaJle dHEPrUit JOo Co-
TeH M3sB. B obnactu suepruit 1 I'sB u Bblile sxcnepumeHTalbHAs WHGOpPMa-
LIUs CKYJHA U TPOJOJIXKEHME HUCCAeHOBAHUYM B 3TON 0OJACTH 9HEPrUil OCTAETCs
BECbMa, aKTYaJIbHbIM.

Bropas riaBa DOCBfIIEHA U3YyUEHHIO 3apsJ0BO-00MEHHBIX [IPOLECCOB B
JeATPOH-IIPOTOHHBIX B3aMMOAEHCTBUAX. DKCIEPUMEHTAJILHEI MaTepuas Obli
nosiy4eH ¢ nomonibio 100-cM BOZOPOIHOM My3bIpbKOBOM KaMephbl Ha CHHXpOoda-
3orpoue JIBD OUAU. Kamepa 6bliia 06/1yyeHa BbIBEIEHHBIM U3 YCKOPUTEJIsI
My4KoM AeiTpoHoB ¢ uMiynbcoM 3.35 I'sB/c. Tlocne cranmapTHOit npouenypsb
[IPOCMOTpA, U3MEPEHUH 1 UAEHTU(DUKAIKUN KAHAJIOB B YCJIOBUSIX 47T-reoMeTpun
Oblla noJiydeHa JeHTa cyMMapHbix pedysbTaToB (DST), koTopas COnepKuT mo-
YT 4eTBEPTh MU/IIMOHA COOLITHIA.

TIpu6ausUTENLHO HOJIOBHHY BCEX COOBITHH AEHTPOH-IPOTOHHBIX CTOJKHO-
BEHMI COCTaBJIsJIa PeaKuusi 6e3Me30HHOTO pa3Basa JedTpona dp — ppn. dTa
peakuust MOXeT HATH Kak dp — (pp)n — peakuusi nepe3apsiikKu C HU3MeHe-
HUEeM 3apsiIOBOr0 COCTOSHHS POTOHA-MHLIeHH, Wi dp — (pn)p — peakuus
[psAMOro pa3Bajia OEUTPOHA C COXPAHEHHEM 3apsifia. PaslesieHne 3THX IBYX
KJ1acCOB COOBLITHMI MOXKHO BHAETb Ha PHUC. 2, rle NPHUBOLSATCS MX pacipeje-
JIEHHsI TI0 BeJIMYMHE KBaJpaTa HEePeJaHHOIO YeTHIPEXMEpPHOro ummyssca t. K
riepe3apsiIKe OTHECEHB! COOLITHS, B KOTOPHIX CaMbIM BLICTPBIM M3 BTOPUHYHBIX
HYKJIOHOB B CHCTEME IOKOsl JeHTPOHa sIBJIsICS HedATpoH. Yucio Takux cobbl-
THit paBHO 17512, uyTo cooTBercTBYeT momepeyHoMy ceuenuio (5.85 £ 0.05) mb.



IIpu sToM MUNIEOGapH-3KBHBAJIEHT COOBITHUSA ONPEHEJISJICS HCXOHsA U3 MOJIHOIO
cewenuss dp-B3aMMOAEHCTBUH ¢ y4éTOM mOTeph COOBLITHH yNpPYroro paccesHusl
dp — dp. CucremaTuyeckas olubKa, CBI3aHHAsI C OLEHKOM NOTeph COORITHIL B

yrpyrom dp-paccesiHum, coctasiisiia okono 4 %.

4000 — 2 dp - (pp)n

dp - (pn)p

3000

entrles

2000

25 3
1tl, (GeVic)?

Puc. 2. Pacnpegnenenust cobbiThit peaxiyu dp — ppn 1o KBajapary 4eThIPEXMEPHOro

NepesjaHHOTO UMITYNbCa || OT npoToHa-MULIEHH K HEHTPOHY.

®opmyisi (2) u (3) BbIBeAEHb! B ONPEAEJEHHBIX NPEAHONOXKEHHAX. TTOOB!
BOCIIO/Ib30BATHCSl STUMHU BBIDAYKECHHSIMH, Mbl JO/KHbBI BBIIOJIHUTD 110 KpaifHek
Mepe ABa YCJIOBUS, & MMEHHO, pafoTaTh B 00J1aCTH MaJIbIX IepefaHHBIX HMITYJIb-
COB KBa3HU-YIPYLOro Np-pacCesHhsl M MPUHATH CIPaBEIJIMBOCTb HMILYJLCHOTO
npubixennsi. B pabore nmoxkasaHo, YTO NPH PEJIATUBUCTCKUX SHEPTHSX 3TH
IPEIOJIOXKEHUS ONPABIAHBI.

YcnoBue uMITYIBCHOrO NpUGJIKMKEHUS] NPEALIONATAET NOLABIIEHAE B3aHMO-
neticrsus B KoHeuHoM cocTostiuu (BKC). ITpu sxcrnepuMeHTaILHOM HCCIIEA0Ba-
uuu mexanusma BKC nabnonanocs, 4To 3T0T 3¢hPeKT CHIBHO MPOsIBISIETCS B
acuMMeTpuH pacrpefesenutt no yry o = arccos (3 §)/(17: |1 §1)), rae g3 —
HMIIYJIbC CIIEKTATOPA, & § — TPEXMEPHAs [epe/lada UMILYJIbCA OT HAJIETAIOLIEro
HYKJIOH8 K paccesHHOMY. B o6macTu MaJibix MepeflaHHbIX UMIYJbeoB |t < 0.1
(T'sB/c)? u uMIyILCOB CIEKTaTOpOB, MeHbux npubmusurensuo 0.1 TaB/c,

aCHMMMETPHH 10 yri1y ¢, Ber3Banusle BKC, npakruuecku orcyrersyor (6iamu3ku



K HYJII0). DTO XOpOLIO BHAHO U3 pUC. 3, KaK JJIs MPSMOro pa3BaJia JeHTpoHa
(ciTomHble KPY»KKH), TaK M JyIsl pa3Baja AefiTpoHa ¢ nepe3apsaxoil (mycToie
KDY»KKH), TJie aCHMMETDHS MeHee BblpasuTesIbHa ¥ CTAHOBATCSI HEHYJIEBOH Npu
3aMeTHO GOJIbIIUX 3HAYEHHUSIX MMILYJIbCA CIEKTATOpa. TaKoe MOBEeLEHNe acuM-
MEeTPUH [0 YIJIy & YKa3bIBAET Ha BO3MOXKHOCTb IIPUMEHEHHS MMITYJICHOTO MpH-
OGv>KeHusl B MHTEpecyIoleil Hac OB6IaCTH MaJIbIX MEPENaHHBIX HMIIYJIbCOB U
MaJIbIX MMITYJIbCOB CIEKTATODPOB.

L It1 <0.1 (GeV/c)
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Puc. 3. 3aBucumocts ACMMMETPHH MO Y1y & OT UMITYJIbCA CIIEKTATOPA Pspec B CUCTEME

MOKOsl AeHTPOHA.

Brlmeyka3aHHBIM YCIOBHSM MOXKHO OZHOBPEMEHHO YAOBJIETBOPUTL, OTOH-
pasi Takue COOBITHS, JJist KOTOPBIX B JIAGOPaTOPHOM CHCTeMe KOOpIuHaT (GbICT-
pblif ZEHTPOH MaaeT Ha MOKOSULYIOCS IPOTOHHYIO MUIIEHD) ABa OLICTPHIX MPO-
TOHA U3 PeaKLyH Iepe3apsakd dp — (pp)n BUIETAIOT N0, MAJIBIMK YTJIAMH 110
OTHOIIEHUIO K MaJaloueMy JeHTPOHY U ¢ MMIYJIbCaMH OJHU3KHUMH K ITIOJIOBUHE
HMITyJIbca AeiTpoHa. IIpn 9ToM OoHM MOryT GBITH HaJEXKHO 3aPErUCTPUPOBAHEL
M XOpOILUO U3MEepEeHBl. 3aMeTHM, YTO INOCTaBJIEHHAs 3aJa4a MOXET ObiTh 9KC-
NEePHMEHTAJIbHO BBHINOJHEHA TONbKO DU HAJINYMH YCKOPEHHBIX OedTpoHoB. B
ciy4ae MaJalonero 6LICTPOro NPOTOHA HA MOKOSIILYIOCS JeATPOHHYIO MUILIEHD,
BTODHYHBIE IPOTOHBI U3 TaKO# peakuuu nepesapsaku pd — n(pp) GyayT cium-



KOM MeJJIEHHBIMH, YTOOBl MX 3aperHCTPHPOBATDH, a CaMd PeaKlUus He MOXKeT
6bITh uaeHTHMIUPOoBaHa. [IperMyInecTBO N3yueHus JeHTPOH-TIPOTOHHbBIX B3a-
IMOJIeHCTBUH (TaK HasbiBaeMasi OOpaTHas FeOMETpUsi) ABJISETCA O4eBUIHBIM B
OTJIMYHE OT MPOTOH-JEHTPOHHBIX B3aUMOACHCTBUIA.
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3000 3000F=
2000}~ 2000}~
1000}~ 1000)

I
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Pypec? GeVic 6, degree

Puc. 4. 3aBuCHMOCTD MONSIPHOTO yri1a BbLIETa @ HYKIOHA-CIIEKTATOPA OT €r'0 UMITYJILCa
Pspec M3 PEaKUUU pa3Bajla AeWTpoHa Ha mpoToHe. HuykHue pacnpenesneHuss — IpOeK-

LU Ha COOTBETCTBYIOLIHE OCH.

Ha puc. 4 nokasana KuHeMaTHYeCKas! 3aBUCHUMOCTD (U €& NPOEeKLHN) MEXK-
Ly TOJIAPHBIM YIVIOM BBLIETa HYKJIOHa-CIHEKTaTopa B JIa0OPaTOpHON cucTeMe
KOODJHMHAT ¥ €ro MMIIYJIbCOM B CHCTeMe IOKOsl JeiTpoHa. Buauo, 4To npu yr-
Jlax MeHbIIHX ~ 5°, WM IpPH HMMyJbCE CHeKTaropa Menbuie ~ 0.15 I'sB/c,
JIGKUT OCHOBHASA YaCTh COOBITHIY, COOTBETCTBYIOUX KBa3U-HYKJIOHHOMY pac-
cesnuio. B ciywae, korga nepefatda 4erbIpEXMEPHOrO UMILYJILCA CTPEMUTCH K
Hymo [t| — 0, IBa GLICTPLIX NPOTOHA U3 PEaKIUH Nepe3apsAKU B JabopaTop-
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HOH cuCTEMe KOODAMHAT MMEIOT IIPAKTHYECKH OJMHAKOBbIE UMIIYJILCHI OIN3KUE
K TIOJIOBHHE HUMILyJIbca AEHTPOHA Dp, = Pp, = (1/2) py.

Jnst Habopa nap NPOTOHOB, MONAAAIOIIUX B KOHYC C PACTBOPOM MeHbIie 5 °,
CTPOWJIOCH pacIpesesieHue cedenus do/dt ¢ yuéroM MunbGapH-3KBUBaJIEHTa,
COOBITHS U IONPaBKH, PABHOM OTHOLIEHHUIO IIOJHOTO YHUCJIa CIEKTATOPHBIX HYK-
JIOHOB K 4YMCJY CIEKTATOPOB B BbiOpanHoM KoHyce. duddepenuuasnbuoe mo-
nepeunoe cedenue (do/dt)yy— (pp)yn U3YUAEMON DEAKIMH Tepe3apaaKu Ha Jedi-
TPOHE NpH MaJIbIX 3HaveHusiX |t| u umnynnce meiitpona 3.35 I'sB/c nmpusege-
HO Ha puc. 5. PacmpezeneHne annpoKCHMHUPOBAIOCh U SKCTPAIOINPOBAIOCH K
t =0, uro gaso 3uaderne (do/dt)ip— (ppyn | t=0 = 30.2 £ 4.1 M6/(I'sB/c)?.

40

30

n
(=]

Illlll|lllllll

mb
dt’ (GeVic)?

do,

+

10

_‘__

0, ! : { : ! !
0 0.002 0.004 0.006 0.008

0.0
111, (GeV/c)?
Puc. 5. Pacnpesnenenue auddepeHLiaIbHOro NONEepeYHoro CeYeHusl peakuun ¢ obMe-

HOM 3apsga dp — (pp)n Npn Maibix 3HaYeHUsX [¢].

ITpoBenéHHEIN aHATH3 SKCHEPHMEHTANLHBIX JAHHBIX 110 PEAKIWH Nepe3a-
PAIKM JeHTpOHa Ha IIPOTOHe-MHULIEHW, JaET BO3MOXKHOCTbL MOJY4UTh HHGOD-
MalHio O CIHMHOBOM 3aBMCHMOCTM OOMEHHOrO mp-paccesHusi. st oTBeTa, Ha
HHTEPECYIOIH HAC BOIPOC O BKJIAJE CIIMH-3aBHCAIIEH 9aCTH aMILIUTYIBI dJle-
MEHTapHOro np — pn Npolecca, HeoOGXOAUMO KpoMme u3MepenHoro auddepen-
LIMaJIbHOTO NONEPEYHOro cedeHus (do/dt)ap—s (ppyn | t=0, IPUBIEYD U pe3yinbTa-
ThI SKCIIEPUMEHTOB I10 ¥3Mepenuio aucddepenuuanbroro cevenus (do/dt)np—pn
peaxnuy 3jeMeHTapHO# nepe3apsaku np — pn npH |t| = 0. B pabore 65110 mo-
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Ka3aHO, 4TO CPEOU MMEIOILIMXCSl B JIMTEPATYPE IKCIIEPUMMEHTAJbHBIX JAHHBIX
JJIsl Np-paccesiHusl, U3MEPeHNsi caenannble BusapaoM u ap. Ha yckopurene Ca-
TYPH SIBJSIOTCS Haubojiee KOPPEKTHHIMA U CaMbIMH OJIM3KUMU 1o sHepruu. Ha
UX OCHOBe, AJis umnysbca 1.675 I'9B/c Ha HyKJIOH, 6Gbljia MOJTyYeHa BeJUYHHA
(do/dt)np—spn | t=0 = 54.7 £ 0.2 M6/(T'sB/c)?.

Beeném oTHomenue Ryp_pn AuddepeHIManbHbIX CeueHnit 1A PeaKIuu
nepesapsiiKy Ha JedTpoHe dp — (pp)n ¥ 3J€MEHTApHOH! Iepe3apsaiKu np — pn

(da/dt)dp—) (pp)n
(do/dt)np—pn

Ilpu HyneBoM mepefanHOM uMmyibce |t| = O oTHomeHue Ryp_,pn, MCXOAA U3

Rn,p—)pn = (4)

dopmyast (3), onpeznensier BKIaj CHUH-3aBUCSLICH YACTH aMIUIUTYAb! Ilepe3a-
PAAKH HEATPOHA Ha IIPOTOHE M €0 MOXKHO 3aIlMCaThb KaK

np—pn 3 __—(da/dt)np—)p,n .

Ecnu 661 nuddepenipansHoe nonepevHoe cedenne nepe3apsiaku Ha AeHTPOHE
npu |t| = 0 papHsuioch 2/3 0T IubGEPEHIHATLHOrO CEYeHNsT 3NEeMEHTapHO!
np — pn nepesapsiaxu npu |t] = 0, To 3T0 Gb 03HAYAJO0, COIACHO BHILIE MPH-
BeJIEHHBIM (POPMYJIaM, YTO AMILIHTYIA JEMEHTAPHON Nepe3apsiiKu SIBJIsIACh
Ho1 nosiHOCTBIO crimH-3aBucsiitelt, OMHAKO HA IKCIIGDHMEHTE TaKOH 3aKOHOMEp-
HOCTH He Habnonaerca.

Uz usmepennoro Hamu (do/dt)dp—(ppyn | t=0 = 30.2 £ 4.1 M6/(I'sB/c)? u
(do/dt)np—spn | t=0 = 54.7£0.2 M6/(T'sB/c)?, onpefenéHHOro Ha OCHOBE JAHHBIX
Busapza u op., monyyaeM 3Hauenye oTHomenus guddepeHuanbHbiX noneped-

HBIX CeYeHul

Rinpspn = 0.55 £ 0.08, (6)

CBUIETEJIbCTBYIONIEE O NTPeoJIaaomeM BKIAIE CIMH-3aBUCAIIEH YaCTH aMILIH-
TyZbl up — pn paccesinus. Ha puc. 6 nokasana 3aBUCHMOCTD BEIM4HUHbl Rup_ypn
OT KUHETHUYECKOl SHepruy HeldTpOHa B CPABHEHHHM C Pe3yJbTaTaMH JAPYTHUX KC-
NIEPUMEHTOB. BHIHO, YTO mHOJIyYeHHOe HAMH 3HAYCHHE HAXOJHTCH B COIVIACHH,
Kak ¢ 6oj1ee pAaHHUMH, TaK U C HeJaBHO OIyOJIMKOBaHHBEIMU PE3yIbTATAMY TPYTI-
nel Jensra-Curma npu Gosiee BLICOKMX SHEPrUSX.

12
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Puc. 6. 3aBucumocTb BesM4HHBI Rpp_spn OT KHHETHYECKOH 3Hepruu Heiirpona Th.
CnJjiomHble KPYXXKH IPEACTaB/IAIOT 3HAYEHHs], NOJy4YeHHble B 6ojiee paHHHX 3KChe-
pumenrax, ksagpatuxk (T, = 0.98 I'sB) — onpegnenéHHoe Hamu 3Ha4yeHHeE, [YCTble

KDYXXKH — HEJaBHO ONyGJIHKOBAHHbIE PE3YLTATHI dKenepumenta Henvra-Curma.

OT0 nepBas ¥ €IUHCTBEHHAs paBoTa BLIMOJHEHHAS HA My4YKe AeHTPOHOB.
CuiemyeT oTMeTHTh, 4TO Bee Gojiee paHHMe paboTHl Ha 3Ty TeMy ObLIM BBIOJ-
HEHBI Ha My4YKaxX HEHTPOHOB JOBOJILHO IIMPOKOrO MMIIYJILCHOI'O CHEKTpa, Io-
JIy4eHHBIX KOJIJIMMHPOBAHHEM BTOPHYHBLIX HeUTPOHOB. I103:Ke, B 3KCIepUMeHTE
Jenbra-CurMma, re MCIOMb30BANMCH KBAa3U-MOHOXPOMATHHECKHE HeHTPOHELI OT
CTPUIINKHIA BLIBEIGHHBIX H3 YCKOPHTE/S MOHOXPOMATHYECKUX NeATPOHOB, yAa-

JIOCh CYIIECTBEHHO CY3UTh CHEKTP TaKOor'o HeﬁTpOHHOI‘O Iy 4Ka.

B Tperneii rinaBe noapo6HO ONMUCHIBAEGTCA SKCIIEPUMEHTAIbHAS yCTAHOB-
ka CTPEJIA, npeguasHayeHHasi AJisi UCCJICNOBaHUs 3aPsiJ0BO-00MEHHBIX Ipo-
LIECCOB B HEHTPOH-IPOTOHHBIX CTOJKHOBEHHUAX B 00s1acTH 3Heprui Boime 1 I'sB.
Ananu3s dp-B3auMOIEHCTBUMY, NOJYYEHHBIX C HOMOIIBI0 KAMEPHON METOAMKH,
MO3BOJIMJI TIPENJIOXKUTDb CXEMY 3JIEKTPOHHOrO JKCIepUMeHTa. IlosBUIach BO3-
MOXKHOCTb U3Y4Y€HUs] MHTEPECYIOIIEro Hac IpOoLecca Ha GOJbINOH CTATHCTHKE

COOBLITHII P UCIIOSIL30BAHUH BBIBEIEHHOTO My4YKa YCKOPEHHLIX JEUTPOHOB Ha
Hyxaorpoue JI®BD OUAN.
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Bruia mpenjioykeHa JOBOJIBHO NMPOCTas (M3y4YeHHe IPOLecca ¢ MaJloi MHO-
YKECTBEHHOCTBHIO BTODUYHBIX YACTHUL, M NpEACKa3yeMOd KMHEMaTHKOH) cxeMa
IKCIIEPUMEHTA, 8 UMEHHO — OIHOILJIEYEBOM CIEKTPOMETD C AOCTATOYHO Y3KOMH
aneptypoit (puc. 7). Ily4ok meATpOHOB MajaeT Ha MHULIEHb, aHAJIU3UDPYIOLIMIt
MarHUT Pa3BOJUT B IIPOCTPAHCTBE BTOPMYHbIE 3apsi’KEHHbIE YaCTHLBI (IPOTO-
HBI) U HEMpOoB3auMozeicTBoBaBILKe AeiTpoHsl. [Ipeanaraemas cxeMa 31eKTPOH-
HOTrO 3KCIIEPHMEHTA. MIO3BOJISIET PErMCTPUPOBATH Naphl IIPOTOHOB C MAaJIbIM YT-
JIOM PacTBOpPAa, UMEIOIINE UMITYJIbC PABHBIN IPUOJIN3UTENBHO NOJOBHHE UMILYJIb-
ca JeiiTpoHa. DTuM obecrieuynBaeTcs 0TOOP COOBITHH 1OJ, HYJEBLIM YIVIOM IIO
OTHOIIEHHUIO K MEPBUYHOMY IYYKY, YTO COOTBETCTBYET MAJIOMY ME€pPEeIaHHOMY
nmayascy (¢ =~ 0). Takum 06pa3oM, peausyIOTCs HEOGXOMMMEIE yCIOBHSI JJIs
BBIJEJIEHUST U3Y4aeMOro [poLecca.

nyuyoK

’

MULWEHL

\d

Py
P,

MarHuT

Puc. 7. CxeMa 9KcriepuMeHTa C UCIOJIL30BAaHHEM OAHOIJIEYEBOro CeKTpoMeTpa, obec-
neyuBawolias oT60p COBLITHII C BLJIETOM M3 MHIUEHH JBYX NPOTOHOB C BIM3KMMHU

HMIIYJIbCaAaMH B [I€pEOHEM HaIlPaBJIEHHH.

Bb160p KOHKPETHO! reOMETPHM 3KCIIEPUMEHTS, GBI BHINOJHEH Ha OCHOBE
pacyéros meronom Monre—Kapiio resepanyu ¢ IOMOIbIO IPOrpaMMHOIO Ma-
kera GEANT. Onupasck Ha AaHHblEe N0 dp-B3aUMOAEHCTBUAM, IONydYEHHLIE
Ha BOJOPOJHOH My3bIPbKOBOH KaMepe, Obljl IPOMOJEIHPOBAH BADUAHT 3KCIIEPH-
MEHTa JJIs1 CIeKTPOMETpa, HCIOJb3Ys B KAYECTBE BXOAHBIX JAHHBEIX peajibHble
COOBITHSI.

B pesynwsrare Gbura cos3zana sKcnepuMeHTambHas ycranoska CTPEJIA.
OcHOBHBIME 3JIEMEHTAMHU yCTAHOBKH SIBJIAIOTCS 6JI0KH JpeiichOBBIX KaMep B Ka-

YE€CTBE KOODAMHATHBIX HNETEKTOPOB, JIEKTPOHHKA CUUTHLIBAHUS nﬂcbopmauuu,
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CUMHTHUJUISIAOHHBIE CYETYNKH, HCIOJb3yeMble JJIs 3allyCKa YCTAaHOBKH U aHa-
Jqusupyouuit MaruuT. Ha puc. 8 npuBejeHa cxeMa pacroyIoXKeHUsT BCeX dJIeMeH-
TOB YCTaHOBKH.

Puc. 8. Oxcrnepumenrtansiaa ycranoska CTPEJIA. D1-D5 — 610ku «MajleHbKUX»

npeticboBbix xamep ¢ pasmepoM pabouett oGmacru 12.5 x 12.5 cm?, D6-D7 — Guo-
k1 «Bosbmmx» kamep ¢ pasmepom 25.0 X 25.0 cm?, S1-83 — CLMHTUISLUOHHBIE

c4éTyuKH, T — MHIIEHbD.

B nacrosiiiee Bpemst ucrnojibdyercs 36 mnockocreit gpeitcdoBrIix KaMep, 06b-
eIMHEHHBIX B 7 6J10K0B. Kaskapiit 6JI0K COCTONT U3 YETHIPEX MU BOCHMH IIJIOCKO-
creit apeiicdhoBbIX KaMep ¢ pa3/IMYHON OpHeHTauuel npoBosioyek. JdiuHa gpeit-
¢doBoro npomexxyTka Bo Bcex Kamepax paBHa 21 mm. Kameps! B 6i10ke pacnosia-
raloTcsi TaKuM 06pa3oM, YTO CHTHAJIbHBIE IIPOBOJIOYKY B COCEAHHX IIJIOCKOCTAX
CABUMHYTBI OTHOCHTEJILHO IPYr Ipyra Ha 21 MM B HaIpaBJIeHHH [EepHeHIuKY-
JIIPHOM OcM Iyd4Ka. Takoe pacroJIOXKeHHe MPOBOJIOYEK IO3BOJISIET YCTPAHUTh
JIEBO-IIPaBYI0 HEOAHO3HAYHOCTD B ONPEZEJICHUH IPOCTPAHCTBEHHBIX KOOPAUHAT
TpeKkoB yactul. B JaHHO!I ryiaBe NmoAPOGHO OCBEIEHBI NPUHIMOLI PAGOTH U
KOHCTPYKIIHM HCIIOJIb3YeMBIX Apei¢OBLIX KaMep, KaK HauboJjiee BasKHBIX 3Jie-
MEHTOB yCTaHOBKH.

Yuciio Beex pEruCTPUPYEMBIX CUTHAJIOB ¢ IIPOBOJIOYEK cocTaisaeT 162. Ha
Ka’KJ0# KaMepe YCTaHOBJIEHBI IJIAThI C MHKPOCXEMAMHM, B KOTOPBIX OCYIIECTB-
JisieTcs ycuJieHue, GOpMHPOBAHHE U AUCKPUMUHALNS BXOLAHBIX CUIHAJIOB OT CHI-
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HAJIbHBIX NPOBOJIOYEK ApeiidoBsx kamep. CchOpMUPOBAHHBIE CHIHAJIBI TIOCTY-
naioT Ha Bxoasl TDC moxyneit ais ouudposku. Ionyduennas undopmanus me-
penaércs Mo ONTHYECKOH JINHAU B [IEPCOHAJLHbIA KOMIBIOTED IS JaJibHeimei
obpaborku.

Ha ycranoske CTPEJIA, nns opranusanum cucTeMel copa 3KCIepuMeH-
TATBHBIX JaHHBIX IIPUMEHSIEeTCS] HECKOJILKO MOAyJieil ObICTPON 3JIEKTPOHUKH B
dopmarte crangapra VME. JlaHHbI cTaHIApT IMpenrosaraeT CO3NaHHe BbICO-
KOTTPOU3BOJUTENBHBIX BBHIYHCIUTENbHBIX CHCTEM MOAYJIBHOTO THIA Ha OCHOBE
YHUPUIUPOBAHHON MarucTpaju u ob/lIafaeT JOCTATOYHON YHUBEPCAJILHOCTBIO
¥ PacluMpsieMOCThIO. YIpougHHas Gnok-cxeMa cucTeMbl cOOpa JAHHBIX YCTa-
HOBKH IOKa3aHa Ha puc. 9.

Tpurrep Apelichossie Kameps!

Puc. 9. Brok-cxema cucreMbl cGopa maxHblX Ha yctaHoBke. CchopMupoBaHHbIE CHI-
HaJIbl ¢ ApeiidoBbIx Kamep oL POBLIBAIOTCS B MOAY/ISX BpeMsi-Ldposoro npeobpa-
sosanuss TDC-96 u PhTDC. Tpurrepnslii curnan nocrynaer Ha moxynu PhLOM u
PhTDC. Unrepdeiicusit FVME konrponnep obecneunsaer cesizsb VME ¢ ynanéaubimM

KOMIMBLIOTEPOM II0 BBICOKOCKODOCTHOH ONTHYECKOH JIMHHH.

Cucrema 3amycka (TPUrTep) yCTaHOBKM JO/DKHA obecneynTs Habop cobbl-
THil peakLiuy pa3Baja JedTpoHa. B HaileM cly4yae PerHCTPHUPYIOTCS OJHONIPO-
TOHHBIE COOBITHSI M3 PeaKLIMH IIPSMOro pas3saja AeiTpoHa dp — (pn)p u IBa
IPOTOHA ¢ OIM3KMMHU MMITYJIbCAMH U MAJbIM YIJIOM PACTBOPA U3 PEaKLUH Ie-
DPe3apsAKH JelTPOHA Ha IPOTOHe dp — (pp)n (pasBas geliTpona ¢ 3apAAOBBLIM
obmenoM). 3alycK YCTAHOBKH OCYIIECTBJIAJICS € NMOMOIIBIO TPEX TPHUITEPHBIX
CUMHTH/LISIIHOHHEIX c4éT4ynKoB S1-S3 (puc. 8), KOTOpbIE ONpEE/sIoT aKcel-
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TAHC YCTAHOBKH M BbIPabaTHIBAIOT CHTHAJN Ui OTKPBITHS BPEMEHHOI'O OKHA
PEruCTpalyi CUTHAJIOB ¢ JpelicoBbIX KaMep W 3allycKa cHcTeMbl cOopa JaH-
HBIX.

Wsyuenue XxapaKTepPUCTUK GI0KOB ApeitpOBLIX KaMep SKCIEePUMEHTAIbHO!
ycranoBku CTPEJIA 6bu10 npoBesieHo npy 00JIyueH!H MOJUITHIIEHOBON MUIIe-
HU KOJLTUMUPOBAHHBIM IMyYKOM JedTPOHOB ¢ ummysnscoM 3.5 I'sB/c Ha kanase
BII-1 yckopurenbnoro kommiekca Hykinorpona JI®BD OUAN. Amnaparypa
YCTaHOBKHU IIPOBEPSIIIACH B TEUEHHE [I0YTH ABYX CYTOK. B pe3sysbTraTe 0bs1ydenus
6b110 HABPAHO HECKOJILKO MUJIIMOHOB TPUITEPOB AJIst MOCIIEAYIOIEro aHaIN3a.

B ueTB8pTOi riiaBe NpeacTaBleHbl aJITOPUTMBI AJ1si BOCCTAHOBJIEHUS TPe-
KOB B Jpeii¢oBbIx KaMepax. PaspaboTan # NpOTeCTUPOBAH Ha PEAJIbHBIX COOBI-
THSIX ITOJTHBIH KOMILJIEKC ITporpaMM o6paboTKy ¥ aHAJIN3a IKCIEPUMEHTAJILHBIX
JaHHBIX. VICXOQHBIM KO MPOrpaMM HaIKMCaH MOJHOCTBHIO Ha s3bike C-++ ¢ uc-
nosns3oBanueM 6ubnuorek ROOT, 4To JenaeT ux yHHBEPCAILHBIME H MOMYJb-
HBIMH.

Brifop apeiidoBbIX KaMep B Ka4ecTBE KOOPIUHATHBIX JETEKTOPOB CIIEK-
TpoMmerpa Ha ycrauosBke CTPEJIA o6yciosiien HeOGXOAMMOCTBIO TOJIYYEHHS
BBICOKOT'O ITPOCTPAHCTBEHHOro paspewieHusi. IIpumenenne apefdoBBIX KaMmep
TpeGyeT ONpeaeseHHs COOTHOIIEHHA MEXIY H3MEPEHHBIM BpeMeHeM apeiida t
NPOXOAALIEN YAaCTULBI U ero npeobpa3soBaHMUEM B PACCTOSIHUE T OTHOCHTEJILHO
[JAHHOH CUTHAJILHOM NMPOBOJIOYKH, TaK HasbiBaeMas T(t)-saBucumocTb. Hepas-
HOMEPHOCTb HAINPSIXKEHHOCTY 3JIEKTPUYECKOTO MOJIsl BAOJIL TPAEKTODHM Apeii-
¢a 371eKTPOHOB IPUBOAUT K M3MEHEHHUIO BEJIMYMHBI CKOPOCTHU Apeiida, 1 cooT-
BETCTBEHHO, K JuddepeHIaabHoi HellMHeHHOCTH 7 (t)-3aBUCUMOCTH. DTO BO3-
MO2KHO B KOHCTPYKIIMH KCIIONB3YEMBIX ApeiipOBbIX KaMep, A6 HAIPIKEHHOCTD
3JIEKTPUYECKOro MOJIst BJAOJbL TPAEKTOPHH Apeiica 3a1a8Tcsl pe3SUCTHBHOI cOop-
KO, pPe3UCTOPHI KOTOPOi MMEIOT pa3bpoc B HECKOJIBKO MPOLEHTOB.

ITony4yeHre NMpPaBUJILHOTO COOTHOIIEHHSI MEXIY HM3MEPEHHbIM BPEMEeHEM
Ipeiicha 1 ero npeoGpasOBaHNeM B PACCTOSHUE SIBJISIETCS OJHON M3 BadKHEHIINX
3a/ad4 IPH BOCCTAHOBJIEHUH TPEKOB B KaMepax. B xozie HoAroToBKH sKCrepruMeH-
Ta 6bLTa pa3spaboTaHa HTEPATHBHAS IPOLEAYPa ONpeesieHus 7 (t)-3aBUCHMOCTH
C HCIIOJIb30BAHUEM TPEKOBOH MH(bOpMaLuu, Ha3biBaeMas aBToKaaubposkoi. C
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KaXXZI0#f uTepauuel MOJIy4YaeTcsl HOBasl, OANPABIEHHas (QYHKUUS Ipeodpa3o-
BaHUs BpeMeHU Apeiida B paccTosiHHe, C KOTOPOH BHOBL BBLINOJIHSIETCS PEKOH-
CTPYKIIUS TPEKa.

ITpocrpancTBeHHOe pa3peleHre Apei@OBbIX KaMep ONnpeieiseTcs! IHPH-
HOI pacrpezesieHUsl TPEKOBOro ocrarka Ar maHHON KaMmepbl. TpekoBrlit ocTa-
Tok (residual) — 3TO pa3HMIA MEXJY PACcCTOSIHMEM IOJIyYEHHBIM IIpeobpaso-
BaHNeM BpeMeHH Apelicda r(t)-3aBUCHMOCTHIO, U PACCTOSTHAEM BOCCTAHOBJIEHHO-
ro Tpeka OT CHUTHAJIbHOI NpoBosoyKy Kamepsl. OxumaeMoe cpefHee 3HaUeHNe
Ar = 0. Kak MeHsieTCs1 pacnpeJeseHne TPEKOBOrO OCTATKA B 3aBUCHMOCTH OT
HOMepa HTepallii aBTOKaJIHOPOBKH, MOKa3aHo Ha puc. 10. Buawo, yTo ¢ pocToM
HoMepa urepanuu Ar CTPEMUTCS K HYJIIO, a INUPUHA PACIIPEAEICHHS] yMEHbIIa-

€TCd.

0.1 Ar,em

Puc. 10. Viamenenune pacnpefesieHnst TPEKOBOIO OCTaTKa AT B 3aBUCUMOCTH OT HOMEPA

HTepalMH aBTOKaJHOpOBKH B ApefidoBoil kKamepe.

CospaHHasi npoliefypa aBTOKAJUOPOBKM YJIydINAeT IIPOCTPAHCTBEHHOE
paspernenue apetipoBBIX Kamep, J0BOAs ero cpefHee 3HadeHue 10 90-120 MkM.

HOJIy‘IeHHBIe XapaKTEPHUCTUKH TPEKOBBIX JETEKTOPOB MO3BOJIAIOT OCYIIECTBUTD

18



HCCJIeIOBaHUsl 3apPsi0BO-OOMEHHBIX IPOLECCOB B JeHTPOH-IIPOTOHHBIX B3aHMO-
neiictBusix Ha ycranoske CTPEJIA.

B 3aKjar04YeHUu KpaTKo C(hOPMYIMPOBaHbI OCHOBHbIE PE3YJILTATHl U Bbl-
BOJb! JHUCCEPTALIUH.
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