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BEIyIIEro yUpekIeHHs Ha auccepraunuio Pycramsoma Awsama Pycrama na Temy: «Paseurthe
METOJIOB OIpe/e/eHHs IapaMETPOB MIEPBAYHON YaCTHIIBI IIHPOKOTO aTMOCHEPHOrO JIMBHS 110
JAaHHBIM JIETEKTOPOB 3apsKEHHBIX YAaCTHI] BEICOKOTOPHBIX YCTAaHOBOKY., IIPEACTABICHHYIO K
samuTe B quccepranronHbii coBeT 6D.KOA-055 npu OuU3HKO-TEXHHYECKOM HHCTUTYTE HMM.
C.Y. YmapoBa HanroHanbHo# akageMuy Hayk Ta/UKMKHCTaHa HA COUCKAaHHE YICHOH CTENICHH
KaHAAAaTa QH3MKO-MaTeEMaTHYECKUX HayK o crennanbHocTs 01.04.01 — «IIpubopst # METOIE!
SKCIIEPUMEHTATBHON QU3UKM)

AKTyaJIbHOCTh TEMBI JHCCEPTAllMd HECOMHEHHA. VI3yueHHne MEPBHYHBIX KOCMHYECKAX
nyueit (IIKJI) — omHo w3 GyHIaMEHTANBHBIX HaNpaBICHHWH COBPEMEHHOH acTpOpU3UKU U
du3ukm BBICOKMX SHepruil. MaccoBemt cocras IIKJI maer uH(bOpMAamio Iy TOHMMAHWS
TIIPEPOJIBI KOCMHYECKOTO U3itydeHus. I1pu sneprusx souue 10'° 5B enMHCTBCHHBIM HCTOYHAKOM
AHGOPMAIIMN  OCTAIOTCA  XapaKTCPUCTUKU  IMIMPOKHUX atmMocepusix smBHEH (IIAJI),
VHAIHAPOBAHHBIX YTHMH YacTHIIAMHY TIPH HX B3aUMOJEHCTBHY C aTMOC(hepor 3eMIH.

CoBpeMeHHbIE METO/IBI OTIPEIENIEHIs MacChl IIEPBUYHOM JaCTHIBI [0 [IyOHHE MaKCHMyMa
pasutus 11IAJl, unciIy MIOOHOB M MHOKECTBEHHOCTH 31IEKTPOHHO-)OTOHHOM KOMIIOHEHTBI
TIOKA3bIBAIOT OTPAHMYEHHYIO IyBCTBHTCIBHOCTH M BBICOKYIO CTENCHb HEOIPEICTCHHOCTH, ITO0
OCIOKHSIETCS CHJIBHOM 3aBHCHMOCTBIO pE3yJIBTarToB OT BBIOOpAa MOJENH aJPOHHOTO
p3auMoyeiicTBus. COBOKYIHAS HEONPENENEHHOCTh IIPH ONPENENEHHH MacChl IEPBUYHON
gacTuisl octaéres Ha ypoBHe 30—40 %. B 3ToH CBsi3M aKTyalleH IOMCK HOBBIX IOJXOMOB K
pellleHHI0  yKasaHHbIX -mpobmeM. OcoOblii  HHTEpEC —MPEACTABIACT — HCIMOJIB30OBAHHC
IIPOCTPAHCTBEHHO-YTIIOBOR CTPYKTYPbl MIOGHHOH KOMIIOHEHTEI [ITAJI 1 moX0/1, OCHOBAaHHEIN Ha
aHamm3e (GOpMBI YITIOBOTO DACIpEfCIeHHs MIOOHOB. Pa3paboTka Takoro IOJXOJa OTBEHACT
pELIEHHIO MHOTUX TPAJMIMOHHBIX 33734, HO M CIIYXKHT HEOOXOAUMBIM JIEMEHTOM IS
IIOCTPOEHHUS TMOPHUAHBIX KCIIEPHMEHTATBHBIX KOMILIEKCOB HOBOT'O ITOKOJICHHUA (BKJIEOYAS TIPOEKT
«ITamup-XXI»). s storo tpebyercs OOBEAMHEHHE METOAOB YHMCICHHOIO MOJCTMPOBAHMA,
aHAaII3a SKCIIEPUMEHTABHBIX JaHHBIX U ONTUMI3ALUH IIapaMETPOB yCTAHOBKH.

B muccepraiiiy NpeaIoKeH M Peaau30BaH METOX KnaccH()UKaIMy IEPBHYHBIX JacTHIl Ha
OCHOBE aHaim3a (GOPMBI YITIOBOTO PACHPENCICHHS MIOOHOB, HOPMHDYIOIIETOCH B HPOLECCE
passurs LIIAJI. B ommwuve OT TpajMIMOHHBIX METOZLOB JAHHBIM TOOXOJ HMCIIONB3YET
MH(OPMAIMIO O IIPOCTPAHCTBEHHOW CTPYKTYpe IOTOKa MIOOHOB IITAJI. DTO MO3BOJACT
MUHHAMH3HAPOBATh BIMSHME MOIEIBHBIX M KaCKAIHBIX GuykTyamii ¥ HOIyYMTb HOBBIH
uH(OPMATHBHEIA [IapaMeTp, UTO MOATBEPXK/IACT AKTYAILHOCTE TEMBI T1CCEPTALIH.

CTeneHs H3yYeHHOCTH HccieayeMol Tembl. KccrnenoBaHue MacCoBOro cocTaba
TIKJI npezcransieT cobol onHy W3 HanboIee CIOKHBIX, a IOTOMY H IPOIOJIKATEIBHBIX
3a1a4 acTpO(U3UKU BHICOKHX dHeprud. OJHAKO, JIaHHEBIH BOIPOC IO-TIIPEKHEMY OCTaCTCA
OTKDHITHIM B AWANa30HE SHEPIUHl BHIIIE ~10'5 3B. B OCHOBHOM, H3y4YCHBI OCHOBHEIC
HCTOYHMKH HEOPENACTEHHOCTEM, HO HE METOIBI X MPCOAOJICHHA. [To3TOMY HOBBIH ITOAXON,
[IpeIaTaeMbli B JUCCEPTAIHH, & IMEHHO, HCIIOTb30BAHNE HHTEIPATIBHEIX XapaKTEePUCTHK
YIJIOBOTO PAcHpe/eieHlss MIOOHOB, crnocobeH BHECTHM 3aMETHBIM BKIaJ B PCIICHHC
ocHOBHO}M mpo6nemsl. [lo cyTH, paspaboTka IMCCEPTAHTOM IOIXONA, OCHOBAaHHOI'O Ha
YIIOBOM CTPYKType MIOOHHOrO (pPOHTA, MPEACTABIACT coboii HOBOE HampaBICHUE B
o6nactu u3yuyenus IAJL



Hay'maﬂ HOBH3HA HUCCIICIOBAaHHUA

1. Paspaborana HoBas METOAMKA DPEKOHCIPYKIMH IIapaMeTpOB IEPBHYHOH YaCTHIIBI
IIMPOKOr0 aTMOC(HEPHOTO JIMBHSA, OCHOBaHHAA HA MOJICTTHPOBAaHHH ITONIEPEIHOTrO PaCIPEeICICHUA
¥ BPEMEHHOTO (ppOHTA 3apSHKEHHBIX JACTHUILl, PETUCTPUPYEMBIX CETAMH JETEKTOPOB B yCIOBHUSX
BBICOKOTODHBIX YCTAQHOBOK. MeToJ 00€CIeurBacT MOBBIIIECHHYI0O TOYHOCTh BOCCTAHOBICHUA
SHEpIUH, HallpaBJIeHHs NPAX0JIa U KOOPIMHAT OCH JHBHS MPHU SHEPrusix Eo > 1 IIsB.

2. Tpennosxken ¥ 00OCHOBAH HOBBIM KIaCCH(UIMPYIOIUA MPU3HAK UL OLCHKH MacChl
IIepBUYHON YaCTHIEl HAa OCHOBE HHTErPAIBHBIX XapaKTePHCTHK YIIIOBOTO pacrpeleneHHs
MIOOHOB, YTO [IO3BOJIMJIO BIIEPBhIE PEATN30BaTh yCTOWIMBOE pa3eleHUE AEP 110 Macce Ha TpH
rpymms! (IETKHe, CpeIHue, TSOKENBIE) B SHEpreTHdeckoM quanasone 100 I1»B — 1 O3B.

3. TlokasaHa yCTOWYMBOCTH pa3spaGOTaHHBIX HPH3HAKOB K BBHIOOPY MOZETH aIpOHHOIO
B3auMmogeticTusi. Cpapuenne monenet QGSJETO1 u QGSIJET-II-04 moka3aiio, 4T0 H3MECHECHUE
MOJIETY TIPHBOIMT K OTKJIOHEHHMIO BEPOSTHOCTH KIIaCCU(GUKAIHOHHON omuOKH He 6onee, 4eM Ha
5 %, 4TO IOATBEPXKIAET YHUBEPCATBHOCTh METO/Ia B paMKaX CYIIECTBYIOIINX MOAXOAOB.

4. BrepBsle MOCTPOEHBI YHHBEDCAIBHBIE KPHTEPHH KIACCHQUKAIHK COOBITHH,
obecreurBaoNIie pa3JeeHre MPOTOH-a30T M a30T-XKENe30 IMPHU OJHOM M TOM K€ IMOPOroBOM
3HAYeHHUH TIpU3HaKa, 6e3 HeoOX0IUMOCTH aJaNTalliy [0 KOHKPETHYIO MOJIENb MK PaCCTOAHHE
0 OCH JHMBHA. JTO oOecIeuMBaceT MPaKTHYECKYIO IPUMEHHMOCTh METOJa B YCIOBHAX
HeOonpeaeIEHHOCTH KOHQUTypalliy YCTAaHOBKH.

5. Pa3paboTaHbl peKOMEH[AUMM JJii IPOEKTHPOBAHMA BBICOKOTOPHBIX JACTCKTOPHBIX
CHCTEM, a IMEHHO ONTHMANbHBEIE PAacCTOSHUS [0 Tpekepos (>100 M), yrioBoe paspemenue (ue
xyxe 0.2°) W IUOm@Lp MIOOHHOTO Tpekepa (> 400 M?), HeoOXOAWMBIE I peaTu3alvu
IpeIOKEHHOTO IOIX0/Ia Ha MPAKTUKE

Teopernyeckasi 3HAYUMOCTb JHUCCEPTAIlAOHHOM PabOTHI 3aKIIOYAETCS B pazpaboTke U
060CHOBAHHA HOBBIX TIOIXONOB K aHammy daHHex 1[IAJ], HanpaBleHHBIX Ha Oonee TOUHOE
BoccTaHopienne mapamerpoB uwactunsl IIKJL IlpemmoxeHHas METOAMKA PEKOHCTPYKIINH
SHEpryH, HampapieHus ¥ KoopauHar ocd IIIAJI ocHOBaHa Ha MapamMeTPH3alliM IOMEPEIHOro
pachpeleNennss IUIOTHOCTH 3apsUKEHHBIX YacTHIl M BPEMEHHOIO ¢ponTa. DTO MO3BOJIET
YYUTHIBAT (DU3MYECKAE OCOOEHHOCTH Da3BUTHsS KacKala B YCIOBHAX BBICOKOrOpbi UL
Pa3IMYHBIX THIIOB JE€TEKTOPHBIX YCTaHOBOK.

BriepBhie pa3paboTaH U peali30BaH METO/] KIIaCCH(UKAIMH MACChI IEPBIIHBIX HaCTHIL Ha
OCHOBe aHamm3a (OPMEI YTIOBOTO pacIpe/ieleHns MIOOHOB. MICronp30BaHHe OTHOCHTENBHBIX
IapaMeTpOB — HHTErpajoB IO YIJIOBBIM JHamasoHaM H HX OTHOIIEHUH — II03BOJIAET
CYIIECTBEHHO CHM3HMTH BIUSHHAE CHCTEMATHICCKHX IIOTPEITHOCTEH, CBS3aHHBIX C BEIOOPOM
MOZETH aJpOHHBIX B3aUMOJCHCTBMA. OTO OTKPBIBACT BO3MOMKHOCTDH Goslee HaAAEKHOTO
BEITENIEHHUS TPYIIN YaCTHIl B Auarasone sHeprui 10— 10'8 5B — B KJIXOUEBO# 00JIaCTH TTEpEXoa
OT TraJJAKTHYECKOr0 K BHETATAKTHIECKOMY KOMIIOHEHTY KOCMHYECKOT0 M3y JCHHSA

IpaKkTHYeckass 3HAYHMOCTH 3aKIIOYACTCA B BO3MOXHOCTA IPAMOIO MIPUMEHEHHUS
IIPE/IJIOKEHHBIX METOJIOB B COCTaBe OYAYIIMX BHICOKOTOPHBIX 3KCIIEPHMEHTOB II0 PETHCTPAllAK
IIIAJI, Takux kak ycraHoBka «Ilamup-XXD». PaspaGoTaHHbIe aNTOPUTMBI PEKOHCTPYKIHMH H
KJTacCH(UKAIMH TO3BOJISIOT OBBICHTD TOYHOCTh OIEHKH SHCPrHHM, HANPaBICHUA M MaccoBOI0O
COCTaBa [IEPBHYHBIX 9aCTHIl 6e3 CyIMECTBEHHOrO YBETUIEHIS TUCIa IETEKTOPOB, obecreunBaroT
HaEXKHOCTh HHTEPIIPETAIUH.

[loydeHHBIE DE3yIbTAaTl MOTYT OBITH HCIONB30BaHBI IIPH [POEKTHPOBAaHAH HOBBIX
JIETEKTOPHBIX CHCTEM, B TOM YHCIIE MIOOHHBIX TDPEKEPOB, IPH CO3HAHMH METOANIECKUX OCHOB
IS aHATM3a JAHHBIX KOCMHYECKHX HKCIEPUMEHTOB, a TAaKKe B 06pa3oBaTeNbHBIX M HAayYHBIX
L(eJTSX TS TIOZITOTOBKH CIIEUAIMCTOB B 0671aCTH aCTPOGH3NKY BEICOKHX SHEPIUH.

CTemneHb J0CTOBEPHOCTH DE3yIbTaToB. JOCTOBEPHOCTH PE3y/bTATOB obecreunBaeTCsa

JCIIONB30BAHHAEM IIPOBEPEHHBIXK IIPOrPAMMHBIX CPEICTB MOACITHPOBAHHS (CORSIKA, Geant4),
aKTyaJlbHBIX ~ MOJEJEH  aJpOHHBIX paumopeiicteuit  (QGSJETO1, QGSIJET-II-04),



CTAaTHCTUYECKH 3HAYMMBIX BEIOOpOK (He MeHee 200—300 cobpITHii Ha KilacC) M NEPEKPECTHOM
BalMJAlMEX HA pa3IMYHBIX MOJENSX. YCTONYMBOCTH KIACCHQUIMPYIOMUX IPU3HAKOB
NOATBEPKICHA CpPaBHEHHEM MEXIy MOJEIIMH H IIOBTOPSIEMOCTBIO DPE3YNIBTaTOB Ha
HE3aBHCHMBIX [JaHHBIX. CTaHJapTHas MOTPENIHOCTh OIEHKM BEPOSTHOCTEH OIMMOOK
Kk1accupukanuy He npepbimaeT +0.02

JIugHbIi BKIax aBTOpa. Britan auccepTanTa B H3/I0KEHHBIE B IMCCEPTAIIMA PE3YIBTATHI
SBIISETCS BECbMa 3HAYMTENBHBIM, a4 B HEKOTOPHIX HAMpPAaBICHHUSX — ONpEAEIIOIMM. Bes
00paboTka UCKycCcTBeHHBIX coObITHH IITAJTI, onTHMHU3aLKUs aIrOPUTMOB, TOUCK W O THMH3ALIV
KpPUTEPHEB OTOOpa COOBITHI OIEHKH HEONPEAENIEHHOCTEH BOCCTAHOBJIEHHS IIEPBUYHBIX
IapaMeTpOB JIUBHEH BEIOOP ONTHMAIBHBIX IIAPAMETPOB CETKHU JIETEKTOPOB 3apPKEHHBIX YACTHI]
U KPHTEPHEB, MPOIIeAypa OLEHKH IIEPBUYHOM SHEPIHH BHINOIHEHEI TUYHO AaBTOPOM.

ITy6mKkanmum mo Teme Auccepramuu. [1o pe3ynbraTaM BBITOJIHEHHBIX MCCIEI0BAHUHA MO
TEME JUCCEPTAIHH OIyOIMKOBAHO 9 meuaTHBIX paboT, B TOM YHCIIE: 3 CTaThU B PEIEH3UPYEMBIX
KypHalax, Bxoasmux B nepeuedb BAK npu [pesunente Pecny6nuxu Tamkukucran, 2 cTaTbu
B PElEH3UPYEMBIX KypHAIax, HHICKCHPYEMBbIX B 0a3e JaHHBIX Scopus, a Takke 4 CTaTbH B
c6OpHHKAX JOKIAIOB PECIYOIMKAHCKHX U MEXKAYHAPOAHBIX KOHQEPEHIMHA MO0 KOCMHUYCCKHM
Jy4yam ¥ GU3HKe BHICOKMX SHEPTUii, YTO JEMOHCTPUPYET UX BBICOKHH HAYYHBIA YPOBEHb.

ITo JUCCepTallMX MOXHO CIAC/IaTh CJeayIImHe 3aMeIaHusl.

1. B agmccepranui HCIONB3YIOTCS TONbKO aBe Monemu pasputusa IIAJL, QGSJET-01 u
QGSIJETII-04, pa3zpaboTaHHBIE OTHUM aBTOPOM.

2. B muccepraruu possirpsin IIIAJI TpoBOAMIICS TONBKO ANt GUKCHPOBAHHBIX SHEPIHi 1,
10 u 100 II3B, a He ¢ ucnonb3oBanueM cnekrpa ITKJL, uto kaxercs 60ee ECTECTBEHHBIM.

3. Ilpu uTeHwMHM CcO3/aeTCs BIECYATICHHE, YTO 0030p B AUCCEPTALlMM CITUIIKOM 3aTAHYT.

BrhIen3I0KeHHBIE 3aMeYaHHs COBEPIIEHHO HE YMAILSIIOT IEHHOCTH GObIIOH paGoThi,
BBIMONHEHHOM A. Pycram3sozia Ha BBICOKOM Hay4HOM YpOBHE. Pe3ysibTaThl, BBIHOCHMbIC HA
3aIMUTY, IPEICTABISIOT MEPEIHUiA HPOHT COBPEMEHHBIX aCTPOQH3UIECKUX HCCIICIOBAHNH.

PexomenzmyeM mmccepranmio Pycramsoma Ambzama Pycrama «PassutHe MeETOJOB
OIIpeleNIeH s TIApAMETPOB IIEPBUYHON YaCTHIIE IMMPOKOTO aTMOC(EPHOro JHUBHA 10 TaHHBIM
JETEKTOPOB 3apsKEHHBIX YACTHI] BEICOKOTOPHEIX YCTaHOBOK), KOTOpas SABIICTCS 3aKOHYCHHOMU
CaMOCTOSITEIBHOM HAYYHO-HCCIIEN0BATENBCKOM paGoToN, K 3allMTe Ha COMCKAHHE YYCHOH
CTeMeHM KaHAWaTa (H3MKO-MaTeMaTMYecKux Hayk mo cmemmanbHoctd 01.04.00 -
®wmszuxa (01.04.01 — «IIpubophl ¥ METOBI SKCIIEPUMEHTAIBHON QU3UKAY).

IIo ypoBHIO M 0OGBEMY BBHIIONHEHHBIX MCCIEIOBAHWH, CTENCHH HAyIHOH HOBM3HBI H
IIEHHOCTU IIOIY4YEHHBIX pe3yNbTaToOB JMCCEPTALHs YHOBIETBOPAET TPeGOBAHUIM BAK npu
I[Ipesunente PecnyGiuku TamKUKMCTaH, NPENBSBISEMBIM K JUCCEPTAlMSIM Ha COHCKaHMC
yUeHOM CTEIEHH KaH/AuaTa HayK, a e€ aBTop A. P. PycraM3so/a 3aCiTy)KHBA€T NPUCYKACHUI EMy
yUEHOM CTemeHH KaHAuJaTa (QH3MKO-MATEeMaTHYeCKMX HayK MO CHCHHAbHOCTH 01.04.00 —
®usuxa (01.04.01 — «[Ipu6OpPEI ¥ METOBI FKCIIEPHMEHTATBHON (PU3UKI).
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