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PED®EPAT

O0beM padoThi: 45 cTpanuil, 43 UCTIOIB30BAHHBIX HCTOYHUKOB.

Kurwuessie ciaoBa: JIASEPHAS CUCTEMA KAJIMBPOBKH, BPEMJI-
[TPOEKIHMOHHA I KAMEPA, NOHU3 AL

O0beKkT mccaeOBaHMA: Jla3epHas cHCTEMa KaluOpPOBKM  BpeMs-
IIPOEKIIMOHHOW KaMepHl.

Heap AUIUIOMHON PadOTHI: MCCIEIOBAHUE PACHPOCTPAHEHHS JIA3EPHOTO
MydYKa B CUCTEME JIa3ePHON KAITMOPOBKH BPEMS-TTPOCKITMOHHONU KaMEPHI.

MeronoJiorus MccjJeJ0BaHHA: IIOCTPOCHUE MOJEIU PACIPOCTPAHCHHUS
JIA3€PHOTO My4YKa B ONTUYECKOW LIEMU METOJOM TPACCUPOBKH JIyUEH.

Hayuynasi HOBH3HA HCC/Iel0BaHMs: BriepBbie Wi BpeMs-IPOEKIIMOHHOM
kamepsl okcnepumenta MPD, NICA noctpoeHa Mozenp, NO3BOJAIONIAS
KOJIMYECTBEHHO CBS3aTh XAPAKTEPUCTUKHU JIA3€PHOIO MMITYJIbCA, T'E€OMETPHUIO
ONTUKHA Y KOHLEHTPALIUIO IIPUMECH C YUCIIOM HOHU30BAHHBIX JICKTPOHOB.

Pa3paborana uucieHHass MOJI€Nb PACIPOCTPAHECHUS YIbTPaPHUOIECTOBOTO
Ja3epHOTO M3JIYYEHUSI B CHUCTEME KAIMOPOBKU BPEMS-IIPOCKIIMOHHONW KaMephbl Ha
OCHOBaHMHM  Me€TOAa  TpaccupoBku  Jydueil.  [IpoBegeHa  omTuMuzaius
MPOCTPAHCTBEHHOI'O 3JIEMEHTOB OINTHYECKOW IeNU. BBINOIHEH aHanu3 BIUSHUSA
YTJIOBBIX OTKJIIOHEHUH 3epKasl OT UJICATbHBIX MMOJOKEHUN Ha OTKIMK CHCTEMBI, YTO
TIO3BOJIMIIO OTPEACIUTh JOMYCTUMYIO OIMMOKY TO3WUITMOHUPOBAHMS ONTHYCCKUX
DJIEMEHTOB.  BBITIONIHEH  pacyeT  KOJWYEeCTBA  DJICKTPOHOB  MOHM3AIIUH,
TeHEePUPYIOIIUXCSl B paboueM ra3oBOM 00beMe 3a OJMH JIa3€pPHBIM UMIYJIbC IS

pasnuunbix npumeceit (1, 2, 3 - TpuMeTHOEH301 W P-KCHIION) B KOJUYECTBE
1: 10 000.

PesynbTaThl pabOTHl B HACTOAIIMA MOMEHT MPUMEHSIIOTCS TpU CcOOpKe
BPEMS-TIPOCKIIMOHHON Kamepbl JKkcrepuMenta MPD, a Takke Moryt ObITh
WCIIOJIb30BAaHbl MPU KOHCTPYMPOBAHWM HMHBIX KaJTUOPOBOYHBIX CHCTEM Ta30BBIX
JIETEKTOPOB.



PODEPAT

A0'ém padoThi: 45 crapoHak, 43 miTapaTypHBIX KPBIHII.

K.JI}Ot@BLIﬂ caoBbl: JIABEPHAS CICTOMA KAJIIBPOYKI, YAC-
ITPAEKIBIMHA A KAMEPA, ISIHI3ALIBIA.

AO’eKT JacjiefaBaHHsI. Ja3epHas CiCTAMa KamiOpoyKi yac-mMpaeKIiblitHan
KaMepBhl.

MbTa aplioMHai padoThl: JaciielaBaHHE PacIayCO/KBaHHS TPaMSHEY y
cicToMe JlazepHait KaniOpoyKi yac-mpaeKIlblifHall KaMephl.

Meraganoria gaciaenaBaHHsi: 1a0yaoBa MaadJl  paclayCroIKBaHHS
Ja3epHara npaMsHs ¥ anThIUHBIM JIAHIYTY METaJlaM TPacipoyKi MpamsHEY .

HaBykoBasi HaBi3Ha AaciiefaBaHHsA. YIIEPIIBIHIO U1 Yac-TIPACKLbINHAN
kamepbl skcrneppiMeHTy MPD, NICA naOynaBana wMaadib, fAKas Ja3Bajisie
KOJIbKACHA 3BA3allb XapaKTapbICTBIKI Ja3epHara iMImyJjbCy, reéaMeTphIl0 ONTHIKI 1
KAHIPHTPALBIIO MPBIMEIIKI 3 JIIKaM 11H13aBaHbIX 3JIEKTPOHAY.

PacnpariaBana konpkacHas Majdiib pacnaycCro/KBaHHs YibTpadisieTaBara
Ja3epHara BbIIPaMEHbBaHHA ¥ CicTAME KalliOpoyKi dac-TipaeKilbliiHali KaMephl Ha
najicTaBe MeTaay Tpacipoyki npamsuéy. [IpaBeaseHa anTeiMizalibisi pacTopaBara
JJIEMEHTay amnThlyHAra JIaHiyra. BblkaHaHbl aHami3 YIUIBIBY KYTHIX aJXUJICHHSY
JIOCTIPKAY aj] 1JPAJbHBIX CTAHOBINIYAY HAa BOJATYK CICTOMBI, IITO J1a3BOJILIA
BBI3HAYBIIL JAMyIIYadbHYI0 MaMbBUIKY IMa3ilbITHABaHHS AaNThIYHBIX JJIEMEHTAY.
BrikaHaHbl pasiik KOJBKACIll JJIGKTpOHAY 1sHI3aIbll, SIKiS TEeHephIpylouna ¥
MparjoyHbIM ra3aBbiM a0'€éMe 3a aj3iH JIa3epHBl IMITYJIBC JISI PO3HBIX MPBIMEIIAK
(1, 2, 3 - TpeIMeTBHIOCH30 1 p-Kcinon) y kombkacti 1: 10 000.

BbIHIKI mpanbl ¥ canmpayaHbl MOMaHT OpPBIMAHSIONUA Tpbl 300pIbI Yac
nmpaekiplifHaii  kamepbl dJkcnepbiMeHTy MPD, a Takcama wMoryup ObIlb
BBIKAPBICTaHbl TPbl KAHCTPYSABAaHHI IHIIBIX KaliOpoBauHAae CICTAM Tra3aBbIX
JPTIKTApay.



SUMMARY

Volume of the thesis: 45 pages, 43 references.

Keywords: LASER CALIBRATION SYSTEM, TIME-PROJECTION
CHAMBER, IONIZATION.

Object of the study: laser calibration system for time-projection chamber.

Objective of the thesis: investigation of beam propagation in a laser
calibration system of a time-projection chamber.

Research methodology: laser beam propagation modeling by ray tracing.

Scientific contribution: For the first time, a model has been constructed for
the time-projection chamber of the MPD, NICA experiment, which allows
quantitatively relating the characteristics of the laser pulse, the geometry of the
optics and the concentration of the impurity with the number of ionized electrons.

A numerical model of the propagation of ultraviolet laser radiation in the
calibration system of the time-projection chamber has been developed based on the
ray tracing method. Optimization of the spatial elements of the optical chain has
been carried out. An analysis of the influence of angular deviations of mirrors from
ideal positions on the response of the system has been performed, which has made
it possible to determine the permissible error in positioning of the optical elements.
The number of ionization electrons generated in the working gas volume per laser
pulse for various impurities (1, 2, 3 - trimethibenzene and p-xylene) has been
calculated in the amount of 1: 10,000.

The results of the work are currently used in assembling the time-projection
chamber of the MPD experiment, and can also be used in the design of other
calibration systems for gas detectors.






