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JOKTOPJIMK JUCCEPTAIIMACU AHHOTALIMACHU

JAucceprauus MaB3yCMHHMHI [J0J13apOJIMIM Ba 3apypusiTH. PeraruBucTuk
a1po ¢u3MKacu coxacugaru (yHAaMEHTal MyamMMoJiapAaH OUpH PENSITUBUCTHK
AIPOJIAPHUHT aJpOHJIap Ba sApodap OwujaH TYKHAIIyBIapujaa MapyalaHMIIl
KOHYHUATIApPUHU aHUKJIaniaH uoopar. byHna pensTUBUCTUK —SAPOJIAPHUHT
aZipoHJap Ba sAaposiap OWIaH TYKHAIIyBIAPUHUHI MapyajlaHUIl >KapaéHIapuHU
HKCHEPUMEHTaN Ba (DEHOMEHOJIOTUK TAKUK KWIHMII MyXUM poJl YiiHANU, YyHKH Y
napyaJlaHyB4UM siposiap (XyCycaH, €HIWJ) KJIacTepiid CTPYKTypacH, YHHHT
napyajap XOCW1 OVJIMIIMHUHT KYHJAJaHI KECMMM Ba [apyaiap TapkKuOura
TabCUpPH, XaMmJa [apyajap Xocujl OyIuImmMaa Xap XWwl MeXaHU3MIIAPHUHT
yIyljiapu Xakuga MyXUM MabIyMOTJIap OJUII MMKOHUHU Oepaau. TYKHaIIyB
sHeprusuiapu Oup Hewa [HB/Hyknon Oynranga mapyanaHuil >kapa€HU yCTYBOD
Oynu0, yHUHT YIYIIM peakuus TYJIUK KyHAamaHr kKecuMuHUHT 80 Qousunu
tamkn Kunagn. “XKydr-xydr” perstusuctuk sapomaprauar (C, '°O Ba *’Ne)
aJipoHJIap Ba sAposiap OujaH TYKHAIIyBIAapuJard napyajaHull >KapaéHIapUHU
ypraHum MyxXuM axaMmHsTra sra, 4YyHKH OyHAaill szapoyiapAa o-KJacTepiiu
CTPYKTYpa XOCHJI OYJIMII yCTYBOPJIMIY KyTUJIAIH.

Xo3upra Kazap o-Ki1acTepii CTPYKTypa CTallMOHAP PaBUIILIA MaBXyAMU, EKU
y HapyaJlaHyB4H siApoJIap MabiyM Japaxaja yHFoHraHja naino 6ynaaumu, nerad
capoara xkaBoO Hyk. IlapuananyBum sApO O-KIacTepyid CTPYKTYypacuHU
YpraHUIIHUHT caMapaly yCyJUlapuaaH OupH o-3appajap XOCHJ OYIMIIUHU SAPO-
CHApSAHUHT TYpJIM Japa)kaja yHFOHUILIApUIA TaIKUK KWIMIIAAH nOopart.

AJZIpOHNIapHUHT KBapK-IApTOH CTPYKTypacura acocjlaHraH KaTtop MoJesuiap
OamopaTura acocad, sapoiapia y3apo Kywid OOfJlaHraH KaMHYKJIOHJIU
OMpUKMalap Ba KYNOapHOHJIM XOJdaTjiap MaBXyIJIUTMHU aHUKJIAll MYyXUM
axamuaT KacO »Taau. by MacasiaHMHr edynMHM O€BOCUTa SPKHUH HYKJIOHJAp
TYKHallyBuJa KHHEMAaTHK TAKUKJIAHTaH COXaJa XOCWJ OYIIyBUM 3appajapHHHT
XapaKTepUCTUKAJIAPUHU IOKOPH SHEPIrUsIv aJApOHJAp Ba SAPOJAPHUHT sAposap
OuJlaH TYKHAITYBJIApUJa TU3UMIIM SKCIIEPUMEHTAN TaIKUK KWL OUJIaH OOFIIHK.

FOxopuna 6aéH KWIMHraHiaap/iaH, Karta CTaTUCTUK MaTepuaiapia sapoap
napyaJlaHdIIMHY ~ Oapya mapuaiapd, Xamjaa HMKKWIaM4M 3appajapd  TYJIUK
UACHTU(UKAIMS KWIMHTaH, YJApPHUHI KHHEMAaTHUK XapaKTepUCTHKAlIapu KarTa
AHUKJIMK[A YJIYaHraH Ba AHUKJIAHIaH XOoJaTAa, TYKHAUIyB4M sApojiap Macca
COHMHUHI XaMJla TYKHallyB JHEPrUSAJAPUHUHI KaTTa JUala3OHUIA KOMIUIEKC
HKCHEPUMEHTAN TAJKUK KWIMIIHUHT A0a3apOiurn kenuO uukaau. by sca sapo
napyaJaHUIIMHUHT SHI'M KOHYHUSTIAPUHU aHUKJIAIITUPHUII UMKOHUHU Oepaiu.

Hazapuit MoaemiapHu KalTa HIIIa0 YUKHIN, yIapHU Xamja MapYyaTaHulll
*KapaCHJIapuHU  Ta(CcuBialira EHAAIIyBIapHU CHHOBJAH YTKAa3WILI, KOCMHK
HYpJApHUHT aTMoc(epa sapojapu OWIaH y3apo TabCUPJAPUHU MOJECIUIAIITHPHIL,
Apojlap MapyajaHUIIMIa XOCHJ OyiayBuM Oapya HM3OTOIUIAPHUHI KYHJAJdaHT
KeCUMJIapu TYFpUCHJA KaTTa aHUKIMKKAa 53ra OyiraH MablyMOTIap OJIMIL
3apypUsATHHU KeNTHUpUO uuKapaau. byHaaH Tamkapu pesisiTUBUCTUK SIPOJAPHUHT
BOAOPOJ OWiaH TYKHaIIyBJIapuaa XOCWI OYIyBUM €HrWJ mapyaiap — MpoTOHIap,
JNEUTPOHJIap, TPUTHH XamJa Teaui-3 sAApOJapUHUHT YpTada KyIJIaMYWJIUTH
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(MHKJTIO3UB KYHAAJIAHT KECUMJIapH) XaKUJaru OHKCIEPUMEHTa] MabllyMOTIIap
acTpOPHU3MKAHUHT SHI MYXUM MyaMmMMoJlapuiaH Oupu — 3appajap OKUMHHHHT
IOJIY3/1apapo0 MYXMTIAaH YTUIIMHM Xal KWIMII Y4YyH yTa 3apypiauru Keiud
YUKaIH.

TagAKMKOTHHHT Y36eKHCTOH PecnyOsmmkacu ¢aH Ba TeXHOJOTrHsJiap
TAPAKKHETUHUHI YCTYBOp HyHAJMULJIapUra Mocauru. Jluccepramus wumu
2000-2011 #unnapaarn «®@u3rka, aCTPOHOMHUS, YHEPreTHKA Ba MAaIIMHACO3JIUK
V36ekucron Pecny6nmkacuiaa (aH Ba TEXHONOIMSIAPHM PHBOXKIAHTUPUIIHMHT
YCTYBOpP UYHAIUIIUTa MOC paBUIIIa Oaxapuiiau.

JAuccepranus MaB3ycu OyiHM4Ya XaJKapo0 WIMHI TAAKMKOTJApP LIAPXH.
PenaTUBUCTUK €HIUJ SAPOJIAPHUHT NapyallaHUIl >Kapa€HiapH, NpOTOHJIAp, ULy
KyMIIaJlaH, KyMYJIATHB MPOTOHJIApD XaMJla €HTHJ (parMeHTNIap XOCWJi OViuii
MEXaHU3MJIapu TaAKUKOTIapu bupnamiran sapo TaAKUKOTIApU WHCTUTYTHU]A,
Poccust ®annap akanemuscunudr I1.H. JlebeneB nomunarn ®dusuka xamaa B.I.
XnonwH HOMuaru Panuit nacturyTnapuna (Poccus), Kanudopuus yauBepcuretn
Jloypenu-bepknu nabopatopusicuna (AKII), Cnoakust dannap akaaeMUsICUHUHT
OxcnepumenTan (usuka uHctutyTHaa (CiaoBakus), ['epMaHUSHUHT TaIKUKOTIIAp
Ba TexHoJorusuiap Penepan Bazupiuruna (I'epmanust), JIyHn yHHUBepcuTeTHIA
(IOIBemust) Ba EMUO1 xamma EMUO2 Xankapo XaMmKOpJIMKIap TapKuOura
KUPYBYM OOIIKA WIMHUI Mapkasiapaa oiaud 6opuiIMoKia.

bupnamran  Aapo  TaaKUKOTIIapu — MHCTUTYTH  FOKopu  sHeprusiap
nabopatopusicu Hyknorponu 6a3zacunma tamkun tonran BECQUEREL Xankapo
XaMKOpPJIMK TOMOHHUJAH €Hrui saponap (A=6-12) Ba ynap HM30TOILIAPUHHUHT
KJIACTEPJIM CTPYKTypajapy TOMWINUO, yJIApHUHT TapKUOW TapyajaHyBYH SIPO
Macca COHHMTra Ba YHJIAaru MpOTOH Ba HEUTPOHJIAD COHMHMUHT KYy(PT EKU TOKJIUTUTA
Ooornmuk osKkanauru aHuknadrad. AKII KanudpopHust yHuUBEpCcHUTH KOLIMAAru
Jloypenu-bepkiu nadopatopusicu oaumiIapu TOMOHUJAH FOKOPH SHEPTUSIIN €HIHII
0,"°C, "N Ba '°0O saponapHHHT eHIMI Ba OFMp SApoNap OWIAH TYKHAIIYBIAPHIA
Xocun OymyBuM Ba uukum Oypuakimapu 0.72° gan kuuuk Oynran Oapuya
M30TOIUIAPHUHT KyHAanaHnr kecumiapu tomwian. EMUOI Ba EMUO2 Xankapo
XaMKOPJIMKJIAp TOMOHHMJAH ‘‘derapaBUil MapyallaHuIl OamopaTu’ TEKIIUPUIIH,
AIpOo  MarepusAcHaa “‘Cyrok-ra3”’ (azaBuil YTUII MyMKHH OYJIraH SHeprus
3UYJIUTUHUHT KPUTUK KUAMAaTH OaxoJaHTaH.

Xankapo WIMHUH TaAKUKOTJIAp Oyiinya 1mapX, PpeISTUBUCTUK SApOJap
dbu3nKacu coxacuaard SHI MyXuUM JIyHEBUU YCTyBOp HyHanumuiap: “Smpomnap
NapyaIAHUIIMHUHT YMYMUN KOHYHUSITJIAPUHYU TONUIT; “SIpOBUN TYKHAIIYBJIap/a
OPOTOHJIAP XOCWJI OVIMII MEXaHW3MJIAPUHH aHUKJIANI Ta JOUp XKyJda KaMm
DKCIEPUMEHTAJl MAbJIYMOTJIAD OJIMHTAHIUIMHU Kypcaraau. XyCyCaH: SApPOBUU
TYKHaIIyBJIapJa XOCuJ OYIyBUM TYpPFYH Ba HOTYPFYH M30TOIUIAPHHUHI KYHJAJIAHT
KECUMJIapU AaHMKJIAaHMaraH, OpajuK HOTYPFYH SIPOJIADHMHI O-3appanap XOCHII
OynuIIMra Kymrad xyuccajiapy TonwiMarad. byHJaH Tamkapu, siipo CTpyKTypaBui
(knacTepau) TY3WIMIIMHUHT W30TOIUIAp XOCHUJ OYJIWINM 3XTUMOJUIMTUIA Ba
VIApHUHT TapkuOWra KaHAal TabCUp JTHUILNM TaJAKUK KUJIMHMAaraH, MpOTOHJIAp
XOCHUJl OYIuIIM acoCHil MEXaHW3MIIAPUHUHT  YyIyIUIAapu TOMWJIMaraH, IIy



KyMIIaJlaH, KyMYJISTUB IPOTOHJAP XOCWUJ OYJIWMIIMHUHI (Te€He3ucH) TaOuatu
aHUKJIAaHMAaraH.

MyaMMOHUMHI YPraHWITaHJIMK Japakacd. XO3UpPrd NaWTAd JyHEHUHD
eTaK4Yu OJUMJIapU TOMOHMJIAH PEJIITUBUCTHUK SAPOJAPHUHT apOHJIap Ba AIpoJiap
OwiaH ¥y3apo TabCUpHAA KYIUIaM4M 3appajiap TYyFWIMIIM XaMJa SAPOJapHUHT
napyajaHull JKapaéHIapUHU SKCIEPUMEHTANl Ba Ha3apuil TaJKUKOTJIapu Oyiinua
KaTTa XaXMJa MabIyMOT MapXyl. AMMO JaHMccepTalusaia TaAKUK KUJIWHAETTaH
MyamMMo OViinda Kyiuaaru sKCcriepuMeHTal hiljiap Oa)kapuiiraH.

AszumoB C.A., FOnpameB b.C., Jlyrnymnaes C.JI. xamaa mBen OoJuMIIapu
(Andersson B., Otterlund I. Ba Stenlund E.)HuHr unurapupa roxopu >HEPTHUSIIH
aJIPOHJIADHUHT SiApOJIap OWIaH TYKHAIIYyBJIapuaa MPOTOHIAp XOCHI Oyl
xapa€Hnapu VYpraHwirai. AMMO OJMHIaH HaTWXalap MPOTOHJIAP XOCHII
OYIUIIMHYA YyKYyp TaJAKUK KWIMII Ba XOCWJ OYIUII MEXaHU3MJIAPUHM YpPraHUILITra
MMKOH Oepmaras.

Poccuss omummapu (3apyoun IL.UW., PycakoBa B., Ilepecagpko H.T'.,
ApremenkoB JI.A. Ba Oolkajiap) TOMOHHJIAH €HTUJI SAPOJIAPHUHT (DOTOAIMYIIBCUS
anpojapy OunaH mnepudepuk TYKHAIIyBJIApUAa  YJIAPHUHT  KJIACTEPIIUK
TY3WJIHIIAPY Kalall CybpaTiapia TaAKUK KWIMHMOKIA. AMMO yiapja napuaiap
XOCHUJT OYNnuIn KYHJAJdaHT KECMMJIApUHHM aHUKJIANl Xamaa SApOJapHUHT
napyajaHuIl MEXaHU3MJIAPUHU YPraHuilra UMKOH OyIMaraH.

Awmepukanuk omumiap (Heckman H.H., Greiner D.E., Lindstrom P.J. Ba
GolIKanap) TOMOHMIAH SIEKTPOH ycynma pemstuBuctuk o, °C, '*N Ba '°0
sapomapuuar Be, °C, Al “Cu, '"Ag Ba *"Pb Ba '°0O smponapu Gumman
TYKHaITyBlIapujga KUYMK Oypuak oOCTHJIa YUKYBUM TMapyaJlapHUHT Xap XHIl
U30TOIUIapu ypranwirad. Kailj KwinHyBUM Tapyajap YUKHUII Oyp4YaruHUHT
YerapaHjIaHTaHIuTH Oy HW30TOIUIap UYMKHUIIMHWHT TYJIWUK KYHIAJAHT KECUMUHU
TONUII XaMJa yJiap XOCWJI OYIMIIMHUHI YHUBEPCAI MEXaHW3MIIAPUHU aHUKJIAII
MMKOHUHHU OepMaras.

FOkopu sHeprusiiu aapoHyiap Ba SAPOJAPHUHT siApojiap OuiaH TYKHAIIYyB-
Japuaa KyMyJIsTUB NpoTOHIap Xocun Oynumu Poccust onmummapu Jlekcun I'.A.,
batokoB 10.A., JIrooumoB B.b., Apmytmumiickuit JI., bangun A.M. Ba Gomkanap
TOMOHHMJIaH TAaJAKUK KWIHHIA. AMMO OKCIIEpUMEHTaJl HATIKaJapHUHT Oup
TU3UMTIa KeJITUPUIMAraHJInuTy Ba YIAPHUHT KAMIINTA KyMYJISITUB IPOTOHJIAP XOCHUII
OYuII MeXxaHU3MJIAPUHU aHMKJIAll UMKOHMHU OepMmarad. Lllynnait kuinub, rokopu
DHEPTUSAIN AIPOH-SIAPO TYKHAITYBIApUIA KyMYJATUB MPOTOHJIAP XOCHUI OVIiHII
MyaMMOCH €UMJIMal KOJITaH.

OnumoB K. HUHI JOKTOpPJWK AMCCEPTALMACH Ma3Kyp HMIIJA Xald KWJIMHIAH
Myammora anya skuHaup. bynma 3.25 A4 IbB/c ummynscnam  Kuciopon
APOJIAPUHUHT TIPOTOHJIAp OWiaH y3apo TyKHAIIyBJIapuia NapyajJaHuIIM Oyitnua
YMYMHI MabIyMmOTap OJIMHraH; OMp Ba Kym3apsyuid mapyanap, yJapHU Macca
Oyiinya a)XxpaTMaraH XoJja, KyIIaMUnUIuTy YpraHWirad; KUCIOPO SIAPOTAPUHUHT
TOMOJIOTUK ~ KaHAJIapra eMHUPWIMII KYHAAQJAHT KECHUMJIApU  aHUKJIAHTaH;
HKCIIEPUMEHTJA Ky3aTWIraH XKy(QT o-3appadajap YMKUIIUAArd KUYUK Oypyakiv
GOFNAHMILIAD HOTYPFyH 'Be Ba B SIPOJApHUHI TYFHIMIIM BAa EMHUPUIHIIN
okuOaTuaa OYIUIIM MYMKUHJIUTH TYFPUCHIA KypcaTMa OJIMHTaH, aMMO YJIapHUHT
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o-3appajiap XOCWJ Oynuinura KyliraH XuccaJlapy MUKJIOPUM  KUXATIaH
aHMKJIaHMaras; 3apsad | man 7 rada OyiraH mapyaldapHUHT W30TONMHMK TapKUOU
aHUKJIAHTaH, aMMO YJIAPHUHT XOCHJI OYIMII KYHIAJIaHT KEeCUMJIapHu TOMHJIMAraH.
3.25 A I»B/c uMnymbcnn °Op-TYKHAIIYBIApHAAa MPOTOHIAp, LIy >KyMIauaH,
KyMYJISITUB TPOTOHJAap Ba OOIIKa EHIWJ Mapyajap XOCHJI OVIMIINA TaJKUK
KuimaMarad. Kucnopon siapojapuHUHT TpOTOHIAp OuilaH nepudepux TYKHAIIyB-
Japuaa eMUPWINIIH TaAKUK KUJIMHMAraH.

Juccepraumus TAAKUKOTHHHHI WIMHMH-TAAKMKOT HILIAPH PpexaIapu
ounan Ooramkauru. Jluccepramusa wumm 2000-2002 iwinapaa dyHIaMeHTa
TagkukoTiap /laBnat miamuii-TexHuka nacrypiapura kupyBuu 2d-1.2.1 pakamiu
“PensiTHBUCTUK KHUCJIOPOJ SAPOCUHUHT HYKJIOHJIAp OWJIaH TabCHUPJIALIUIINAATA
napyaJaHuIl MeXaHu3MIIapuHU ypranum nounxacu; 2003-2007 dunnnapaa @-
2.1.26 pakamiu “KOkopu »HEprusuii aJpoH Ba SJPOJIAPHUHT sAposiap OuiaH
TabCUPJAMIUIINIA 3appadyalapHUHT KYIUTad XOCHI OYIHUINY, MapyalaHuIIN XaMaa
AP0 MaTEpUACU XOoJaTHHU ypranunn~ sounxacu; 2007-2011 mwutappa ©2-D029
pakamin  “FOkopu 2HEprusuii  aApoH Ba SIAPOJAPHUHT  siApojap OwiaH
TYKHAUIMIIKAA SIAPO MAaTEpUsiCh CTPYKTYpPACHMHM Ba KOJJIEKTUB 3¢ dexTinapHu
Yypranuir’ JoRuxasapura Moc paBuiiia Oakapuiras.

TaakukoTHuHr wmaxkcaam 3.25 A  I»B/c  wumnynscnm — KHCIOPOX
SAIPOJIAPUHUHT MPOTOHJIAp OWJIaH ¥3apo TabCUpPJAIUIUIAPUAATA MNapyalaHUIIl
XKapa€Huapy XakuJa eTapianda TYJIUK 3KCIIEPUMEHTAl MablIyMOTIIap OJIMII XaM/ia
3-300 B osmeprust opamukmapuzaru 1w ,p,a,C(C)- Ba p('°0,*’Ne)-Tyknaurys-
Japusia MPOTOHJAp, MIy KyMJIaJaH, KyMYJISITUB MPOTOHJIAP XOCWJI OYIUIIMHUHT
acocHii MeXaHU3MJIAPWHU aHUKJIaIIAaH uoopart.

Makcajira Spuiuil y9yH Kyuujgard TaAKHUKOT Basudajaapu KyWuirad:

MPOTOHNAD Ba T -ME3OHNAPHMHT KYIUIAMYMIMTH  XaMja KHHEMATHK
XapaTepUCTUKATIAPU TYFPUCH]IA YTa aHUK MabIyMOTJIAp OJMII MAaKCaauAa yJIapHU
UACHTU(GUKAINS KATUIT YCITyOUHN MyKaMMaJIIaIITHPHIII;

2 M nponaHiv mydakyaiu KaMmepa CyIOKIUIruaa Kucka orypum iynura (L<4
CM) 3ra OViran Typiu 3appanap UYKOTHIMIIHMHU XHUCOOTra OJIMIIL,

4.2 u 9.9 IB/c umnynscnu p(Cs;Hg)-, 40 T3B/c umnynscnu ©t (C;Hg)-, 300
[™B/c wmnynscmm  p(NeH,)-tykHamyBmap xamma 4.2 A IbB/c ummynbscnu
a(CsHg)- u C(C;Hg)-TykHamyBmapuian MabliyM TypJard SApPOBUN TYKHAITyB-
JIApHU aKPATHILL,

n.,p,0,C(C)- Ba p('°0,”’Ne)-TykHamyBmapuga XocuI OYIyBYM IPOTOH-
napyaJIApHUHT KYTUIAMYWINKIAPUHU Ba UMITYJIbC TAKCUMOTIAPUHU TaXJIUI KWJIUILL
Xamja TPOTOHJIAP XOCHUJ OYIUIIMHUHT acOCHU MEXaHW3MIIApW YIYIUIApUHU
aHUKJIAlll,

3.25 A T3B/c umnynscnn °Op-TyKHamyBnapuia Macca conapin A=2 Ba 4 ra
TEHr OynraH EHrWwjl SAPOJapHU TAAKUK KWJIUII Ba YJIAPHUHT XOCHJI OVIUII
KOHYHUSITIIADUHY aHUKJIAIIL;

325 A I»B/c umnymbcnn COp-TYKHAIIYBIApHAA 0-3appadagap XOCHI
OYJIMIIMHUHT acOCU MEXaHM3MJIapu Ba KOHYHMSTIIAPDUHU VpPraHuil, renauii-4
SAJIPOCH XOCWJI OYJIMIIKIA HOTYPFYH *Be Ba B SAPOJIAPUHUHT XaMJla YUFOTUIITaH



yraepon-12  anpojlapyHUHTI  XHCCAJapUHU  XUcoOjall HMKOHUHU — OepyBuHd
(eHOMEHOJIOTHK MOJIeIIJIApPHU SPATHILL;

3.25 A TsB/c umnynbcnn °Op-TyKHaIyBIapuaa 3apsad 1-8 6yiran TypryH
Ba HOTYPFYH M30TOIUIAPHUHT XOCKJI OVIHII KYHIaJaHT KECUMIIApUHH aHUKJIAILL;

aapojapaa  y3apo Kywid OOfJIaHraH KaMHYKJIOHJIM OWpUKManap Ba
KYMOapHOHJIN XO0JIaTiap MaBXKyUIMTHMHUA aHUKJIAIl Makcaauia FOKOPH SHEPTUsId
T -Me30HIap, mpotoHnap Ba ‘He xamma '“C SAPOJAPHHHHT YIIEPOA SAPOIAPH
OWJiaH MPOTOHJIAPHUHT KHCIIOPOJ Ba HEOH fAJpoJjiapy OuiaH TYKHaIIyBiIapuia
KyMYJISSTUB TIPOTOHJIAP XOCKJI OYIUIIIMHY Xap TOMOHJIaMa TaJIKUK KUJIUIIL.

TanKnKOTHUHI 00BEKTH cu(aTH]a IOKOPU SHEPTUsUIM aJpOH Ba SIpOsap
KEATUPUO YMKapraH ApoBUi )kapaéHiiap OJMHIaH.

TagKMKOTHUHI NpeAMeTH — SAPOJIAPHMHT MapyallaHUIl Kapa&Hiapu,
IPOTOHJIAP XOCHJI OYIIUIIM, Iy )KyMJIa/laH, KyMYJISITUB IPOTOHJIAP XOCHJI OYITUIIIHN.

TankukoTHUHT ycyaiaapu. KOxkopu sHeprusuim saponap MapyajlaHHIId Ba
3appajiap XOCWJ OYiMIIMra WHKIIO3UMB EHJAIIMINIA MAaTEeMaTUK CTaTHCTHKA
yCyJulapd XamJa Ky4Jd MarHdT MaiJioHWra >KOMIaliTUpWwiIral mydaxkdanu
KaMepaH! PEJIATUBUCTUK SIpO Ba aapoHjap OWiaH HYpJIAHTHUPWITAHJAa OJIMHTaH
ax0OpOTIapHU KailTa MILJIAIIra aCOCIaHraH YKCIIEPUMEHT METOIUKACH.

JAuccepranms TAAKMKOTUHUHI WJIMMHA SIHTWJIMIM WIK OOp OJMHIaH
KyHuJaru HaTuxaaap/iad noopar:

3apsaau Z=1-8 Oynran TyprFyH Ba HOTYPFyH HW30TOIUIAPHUHT KYHJAJdaHT
kecumiapu 3.25 A IbB/c ummynscam  COp-TyKHamyBiapujga yTa IOKOpHU
AHUKJIMK/A TOMWITaH Ba CTATHUCTUK XaTOJMKIIAP Yerapacuaa Kys3ry siipojlapuHUHT
KYHJQJIaHT KECUMIIapu OMp-OupHUra MOC KeJIUIIi UCOOTIaHTaH;

OPOTOHJIAP XOCWI OVJIMIIMHUHT acocuil MexaHusmiapu  (OyFJlaHUII
MEXaHU3MH, YUFOTWITaH KOJJHMK SAPOHUHT (PEPMH-EMHUPUIIUII MEXaHW3MHU Ba
KacKaJ >kapa€HuJa NPOTOHJIAPHUHI TYFPUIAH-TYFPU ypUO YMKAPUII MEXAHU3MU)
xuccanapu 40 I'sB/c ummymsemn m C-, 300 T'3B/c umnynscim p*’Ne- Ba 3.25 A
["B/c  umnynbcnu 16Op—T}”/KHamyBﬂapI/ma ApUM OMIIMPUK yCylu Ouiad
0axosanrad. Yoy yiynuiap napyajlaHyBYd €HTWIT SIAPOHUHT SHEPTUsCH Ba Macca
COHMra OOFJIMK 3MACIWTU Ba yJIapHUHI OWpiamMuu 3appanap (IMOH €KH MPOTOH)
Typura OOFIMKIUTH TONUITaH;

n C(40 IB/c)-, pNe(300 IB/c) - Ba °Op(3.25 A I'3B/c)-TyKHauryBIapuia
Te3 mpotonnap (p>0.25 I»B/c) xocun Oyauimn MexaHU3MIIapu OupiaMuu
3Heprusra, OUpJamMud 3appaHUHI Ba MapyajaHyBUM EHTHJI SIPOHUHI Typura
Xam/ia SAPOHUHT YHFOHMII Aapakacura OOFJIUK dMACIIUry UCOOTIIaHTaH;

325 A I»B/c ummymbcnn | °Op-TyKHAIIyBnapuaa IEHTPOHIAP XOCHI
OVNMUIIMHUHT acoCUil MeXaHM3MJIapH — KackaJ HYKJIOHJApUHUHI OupIaiys
MEXaHU3MH, HHCOATaH T€3 €HI'WJ MapYaJlApHUHI €MUPWIHILN Ba JECUTPOHIAPHU
KHUCIIOPOJ, SIAPOCH TAPKUOUJIAH TYFPUAAH-TYFPU KBA3UAJACTUK YPHO YMKAPUIIMILN
AHUKJIAHTaH;

opaiuk xonatiapaard ‘Be, *B C* sgponapuunr 3.25 A T5B/c ummymibsean
"Op-TyKHamyBnapuga XOCHN OYIMIN KYHAANAHT KECUMJIAPH AHHKJIAHTAaH Ba
YIapHUHT HOTYpFYH siaponap “He Ba "Li Guiad GMpramiukia o-3appagap XOCHI
OYIMIIN KYHIATAHT KECHMHTa KYIIraH XHCCAapu TOIMITaH; yiroTHmran ~C*
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AIpOJIapy EMUPWIMILIMHUHT 30-3appa XOCWJ OYJIMII KaHaJura KyUIraH XHCCACH
38+3% pPKaHINTHU TOIMITAH;

KyMYJISITUB IPOTOHJIAP OMpJaMyM 3appajapHUHT SIPOHUHT aCOCUM X0aaTHaa
HYKJIOHJAp 3uwiurd Quykryanusicn Tydainu coaup OYIyBUM KYNHYKJIOHIIU
oupnammManap (guykTonnap) OwiaH y3apo TabCUPJIAIIYyBU HATHXKAcUIa XOCHII
oymummm  °Op(3.25 A I»B/c)-, p'’C(4.2 Ba 9.9 IdB/c)-, m *C(40 IB/c)-,
p*’Ne(300 IaB/c)-, 0'°C(4.2 A T1B/c)- Ba C*C(4.2 A I'sB/c)-TyKHamysiapuia
TOINUJITaH.

TaakukoTHUHT amMaauii HaTwkanapu 3.25 A [B/c uMnynbenu KUCiIopoa
SIPOCUHUHT TPOTOHJAp OWiaH TYKHAITyBIapujaa XOCWI OYITyBYM TYypFyH Ba
HOTYPFYH SIAPOJApPHUHT KYHAAQJIAHT KECUMJApH, Xap XWJ HOTYPFYH slIpoJiap
EMUPWINIIMHUHT 0-3appajiap Maiao OYmuInura KyIraH Xuccajiapu Ba OKOPHU
SHEPrUsAIM aJpOHJIAp Ba SAPOJAPHUHT s/poJjiap OWiaH TYKHAUIYBJIApUIA XOCHII
OYIyBUM NPOTOHJAPHUHI aCOCUM XHCCAJTapuJiaH TalllKWi TONraH HOEO OaHK
MabIyMOTJIApYW  TYIUIAHTAHUJAH; JKCIEPUMEHTA]l  MablyMOTIap  sSApPOJIAp
napyajaHUIIMHU ~ TaBCU(JIOBUM Ha3zapuil MOJEUIapHU Ba  EHJAIIYBIIApHU
spaTuila Xamja OupJiaMud KOCMUK HYpJIapHUHT aTtMmocdepa siaposnapu OuiiaH
¥3apo TabCUPIAPUHUA MOACIUIAITHPUILAA KYJUIAHWIUIIM ~ MYMKUHJIUTUJIAH;
PEJSITUBUCTUK KUCIOPOJ SAPOJIADUHUHT BOJOPOJ OMIIaH TYKHAIIYBIapHia XOCHII
OYIyBUM €HTWJI Tapyajiap — IPOTOHJAp, JASHTPOHIAp, TPUTHH Xamja Telnii-3
ANPOJIAPUHUHT Xap XWJI XapaKTEpUCTUKAIapu TYFPUCUIATH DSKCIIEPUMEHTA
MabJIyMOTJIAp acTPOPU3UKAHUHT PHT MYyXUM MyamMMoJlapuiaH Owpu — 3appaniap
OKMMHMHUHT IOJIAy3japapo0 MYXUTIOAH VYTUIIMHU Xald KWIWIIAA KYJUIaHUIUIIU
MYMKHUHJIUTHIaH HO0parT.

OnuMHra HATHKAJAPHUHT  MIIOHWIWJIMIH, DSHI  aBBaJloO, KarTa
CTaTUCTHKagaH uOopaT »3KcrepuMmeHTan wmatepuanra (>93000 xoaucanap),
3appajap Ba Dapyajap 3apsAv XaMJa MacCalapyuHU aHWK KaWJa KWIMINTa,
YJIApPHUHT YUKHII Oypdyakiaapy Ba HMMIYJbCIAPUHU €TapiM Japaxala aHUK
yayamra; HaTWXKaJapHU MUHTEpPHpETalys KWIMIIAA KEHI KYJUIaHWJIAa€TraH
WMHKJIIO3UB €HJIAlTyBra XamJa HKCIEPUMEHT HaTHXKAJapWHU KailTa MIUIam Ba
TaxJIJiura  MaTeMaTUK  CTAaTUCTHMKAa  YCYJUIApMHU  KyJUlalira;  OJIMHIaH
HATHKAJIAPHUHT OOIIKA SKCIEPUMEHTIIAp MabIyMOTJIapu OuiIaH MOC KEJIMIINTa,
KYTUIAaMYMIIMK Kapa€HlIapy Ba sAIpojap MapyajaHUIIUra OarvllIlaHTaH Hazapui
UIUIap aCOCUM HU30MJIapura Xap *KUXaTJaH MOC KEJIUILNTa aCOCIaHTaH.

TagKUKOT HATHKAJIADUHUHI WIMMH Ba aMajaui axamusatv. [{uccep-
TalMsl WIIHWJIA OJIMHTaH SKCIEPUMEHTA MabIyMOTIIAp SIAPOBUM MabIyMOTIIap
OyHEBUH OaHKWMHU spaTHUILAa, IOKOPU DSHEPrUsUIM aIpOH Ba  AIpO-SAPO
TYKHaITyBJIapua SpoJiap MapyajaHUIId MyaMMoOJIapura OarulllIaHTaH Ha3zapui
MOJICJUIApHH Xam/ia €HJAIIYBIApHU CUHOBAAH YTKA3UII YUYH 3apyp XamJla HOHJIU
Te3JIaTTUWIapAa SHITU SKCIEPUMEHTIAp YTKa3ulaa Ba YJIapHU pexanamjga
KYJUIAaHUJIUIIN MyMKHH.

Kucnopon siapocu mapyanaHuiiuga Xocuia OYiIyBUM TYpFyH Ba HOTYPFYH
AIpoJiap KYHJAIAHT KeCUMJIapHU TYFPUCHAATM MabIyMOTIap 3ca KOCMO(DU3UK Ba
KOCMOKHUME TaJIKMKOTJIapAa KYJIJTaHUIUIIA MyMKHH.
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TaaKNKOT HATHKAJAPMHHHT skopuii Kuamaummm. Horypryn °Be Ba 'B
SIIPONIAPUHUHT SKCIEPUMEHT/Ia TOMWITaH KYHAAJlaHT KECHUMJIApU Ba MasKyp
SAIPOJIAPHUHT 0-3appajiapy XOCWUJ OYIMIIMra KYyIraH XHCCAJIapUHU aHMKJIAlll
yCYJIUM €HrWi SAPOJapHUHT  (POTOIMYJNbCUA siAposiapu  OuiaH nepudepux
TYKHAIIIYBJIApU/IA YIAPHUHT KJIacTep Ty3uaumuHA Taakuk KniayBun BECQUEREL
(2009-2011) Xanmkapo XaMKOPJUK JacTypu jaoupacujna bupmamran sjapo
TaKUKOTIApU UHCTUTYTUHUHT ([lyOHa mi., Poccusi) HyKJIOTpoHHIA YTKa3uiIraH
AKCIIEPUMEHTHU peXaNaIITUPHUIILIA Ba MoJeUlalTupuiia Kymanwirad (2009—
2011, 02-1-1087-pakamnu  gactyp) (bupmamran  sapo  TaAKUKOTIIApU
uacTuTyTHHEHT 2015 jiun 6 despangaru 100-25/19-pakammu Ba Y36eKHCTOH
Pecniyonukacu ®annap akagemusicuauar 2015 #mn 9 maptoaru 2/1255-289-
paKamIIM XaTJIapH).

NumauHr anpodanusicu. TagKUKOTHUHT acocuil HaTwxkanapu 10 ta wimui
amKyMaHiap, myHjaaH, 6 ta Xamkapo, XycycaH, «Sapo (U3MKaCHHUHT XO3UPTHU
3aMOH Myammoutapu» V Xankapo amkymanu (Camapkann, 2003), «Sapo dhanu Ba
yHuHr tatouxku» Il EBpoocué amxymanu (Towmkenr, 2004), «SAgpo danu Ba
YHUHT TaTOMKU»Tra OaruuuiaHrad xankapo axxymanu (Camapkanzg, 2012),
«¥Oxopu »sHeprusiiap Qusukacu, sapo Qusnkacu Ba Teznmarruuiaapy Xl
koH(pepeHmusacu (XappkoB, 2014), «Aapo duszmkacu, aroM 5>HEPreTUKacu Ba
SAIPOBUI TEXHOJOTHSUIAPHUHT (PyHIaMEHTal MyaMMojapu»ra OaruiuiaHran 64-
Xankapo amkymanu (Mwunck, 2014), 1okopu dHeprusuiap  (pusznkacu
myammonapura Oarunuianrad XXII Xankapo bannun cemunapu (dy6na, 2014);
xamaa 4 ta Pecnybnuka «®u3nKaHUHT (yHIaMEHTaNl Ba aMajuil MyaMMOJaph»
(Tomkent, 2004, 2006, 2013), «V36ekucTonna dusuxa» (2005, TomKeHT) HIMH
amKyMaHJiap/a anpoOanusiiad YTKa3uiraH.

V36exucron Pecniybmmkacu ®annmap akagemuscu «Pusuka-Ky&my» ummmii
unuiad uyukapum Oupnammvacu DuU3NKA-TEXHUKA WHCTUTYTUHUHT — WJIMUN
cemunapnapuaa (2008, 2009), V36eknucron Pecry6imkacn PaHnap akaieMusicH
SAnpo ¢uzMKacu UHCTUTYTMHUHT WIMUNA ceMuHapiapuga (2012, 2014),
V36exncron Pecniy6iukacu Panap akagemuscu «®dusnka-Kyém» wivuii uinab
yukapuill Oupnammacu Du3MKa-TeXHUKAa WHCTUTYTH Ba fAnpo ¢dusukacu
MHCTHTYTJIAPUHIHT GUpIIAlran wiMuii cemunapiapuaa (2012, 2015), Va6ekucron
Muniauii  yHUBEPCUTETH KOIIUJard AmManuii ¢u3uka WIMHHA — TEKIIHPHUII
WHCTUTYTUHHUHT WM ceMuHapua (2014) anpobanusgan yTra.

HatwkajapHuHr 3bJ0H KuaumHumM. [uccepramus umum Oyiimua 34 Ta
WIMHUM WII 9BJIOH KWIMHTAaH, >KymiajaH 18 Ta Makoja XOpwKuid Ba MWLM
KypHaJUTapuaa, WIMUAN UIUIap TyrjaaMmiapuia 2 Tacu Makoia Ba 11 tacu te3ucnap
KYPUHUILIN/A, 3 Ta IPEIPUHT.

J{uccepTauMSIHUHT TY3WJININKA Ba Xa:xXkMU. [{uccepranus kupwii, Oemr 600,
xyJoca Ba 155 Homaaru ¢oiinananunran agabuérinap pyilxatuaaH, IIyHUHTIEK, 2
Ta niaoBa Ba 182 caxmda acocuii MaTH, 34 Ta pacm Ba 16 Ta kaaBaiian noOopar.
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JTACCEPTAIIUSIHUHI ACOCHU MABMYHH

JAucceprauMsIHUHI KUPHUII KMCMUJIA OXUPrY WHILIApJa FOKOPU SHEPTUSIIU
alpOH- Ba SAPO-ANpPO TYKHAIIYBIApUAA KYIUIAMYWIMK JKapacHJIapu XamJa
SAPOJIAPHUHT TApYAJIAHUIIUTA OWJ OJMHIaH acOCHl HATHMKAJIADHUHT KHCKaya
TaxJIMIIM Xam/1a JuccepTalus Makcaau Ba Bazudanapu 0aéH KUJIMHTaH.

JucceprauustHUHT OMPpUHYM 000Maa OMp METPIMK BOJOPOMIU IMydaKkdanu
KaMEepaHUHI acocuil TaBcudu, OupramMuu sapojiap JacTacu Xamja CypaTid
axOopoTiap yciayOu TYyFpucuia Kuckadya mabiymotiap kentupuirad. [y Oounan
Ooupra, 2 wmerpauk mnpomnaniaun Ba 30 JOWMIKM BOAOPOJA-HEOHJH Iydakdanu
KaMmepajap/ia OJWHTaH Taxpuba MaTepUaUIApUHUHT KUCKada TaBCUPU XaM
KEJITUPUJITaH.

I-kamBanga TaAKWK KWJIWHAAWUTAH TYKHAIIyBIAp, OWpiIaMud WMMITYJIbC
KUMMAaTJIapy Ba XOAUCAITAPHUHT COHU KEITUPHUJIITAH.

1-skaaBaa
JKcnepUMEHTA MaTepUuAaIIap TYFPUCHAA MABJIYMOTJIap

Tyknamysuap P, A T5B/c Xoaucanap

Typu COHH
*Op 3.25 13500
n *C 40.0 16657

p*C 4.2 6901

pcC 9.9 18325
*He'*C 4.2 12326
2c’c 4.2 20530

p°’Ne 300 5000
TYyKHaIyBJIapHUHT YMYMUH COHU 93239

JluccepTalusHUAT HKKHHYA 606maa 3.25 A TsB/c umnyascin °Op-, 4.2
Ba 99 I»B/c umnynscam pC-, 42 A I»B/c umnynscium oC- Ba CC-
TYKHALIyBJIapU/1a IPOTOHIAP XOCHI 6yJII/IIIII/IHI/I (B.B. I'marones, K. Onmumos, C.JI.
Jlytnynnaes, A. A. HYH,HOHICB b.C. I/ImeomeB Ba Oomka Myamutudaap OwiaH
Oupraivkaa) TU3UMIM TaIKUK KUJIMHTAHIUTYA KEJITUPUIITaH.

[Iporonnap xocwsi OYJIUIIMHUHT HOPMUPOBKA KWIMHTAH WHBApUAHT
muddepeHnran KECUMUHIUHT UMITYJIBC OYiirda TAKCUMOTHHH TaXJIMJT KUJIHII ITyHH
KYpcaTauKu, yu0y TaKCUMOTHHU ydTa raycc (QYHKIHMICH WUFUHIIMCUA KYPUHUIIINIA
KOHUKApJIU TaBCcUdIIa MyMKHUH.

f(p)=aexp(-bip’)+asexp(-bop’)+asexp(-bsp’). (1

by epna a; — Ba b; — SKUHJAIIMII MTapaMeTpiiapu (FHT KUYHMK KBaapaTiap yCyJu
EpaamMua TOMWIAN).
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1-pacMza, Mucon Tapukacuaa, 3.25 A I'sB/c umnynascan °Op-TyKHauTys-
Japuia TPOTOHJAp XOCHJ OYJIWIMMHWHT HOPMHPOBKA KWJIMHTAH WHBApHUAHT
muddepeHran KECCUMUHUHT UMITYJIbC OViinYa TaKCUMOTH KUCJIOPO, SIAPOCUHUHT
THHY Xo0JaT cuctemacuaa xamia (1) — udomanaru xap Oup KYHIMUTYBUM XaJHUHT
xyuccacu kypcaruirad (1, 2, 3 — MyHKTUPIIMA 3TPU YUZHUKJIAP ).

Pacmpaaru y3mykcus 4YM3WK NPOTOHIApPHUHT “OyfmaHumn”’ (1-3rpu 4YM3HK),
“bepmu-emupunuir”’  (2-3TpU  YU3HMK), NPOTOHJAPHUHT HUIIOH SIAPO EKH
UKKWJIAM4YM 3appajlap TOMOHHWAAH TYFPUAAH-TYFpU YpuO wukapuiuil (3-3rpu
YU3WK) MEXaHU3MJIAPUHUHT WMFUHIUCUHU Udoganaiian. Yoy MexaHu3MIapHUHT
xuccanapu moc pasuiiga (27.4 +0.5)% , (32.0 £ 0.6)%, (40.6 + 0.7)% ra TeHr.

f(p), MaB?c’ctep”

) L ) L ) 1 ) L )
0.00 0.25 0.50 0.75 1.00 1.25
P, MsB/c

V3nykcus arpu unsdK (1) — udoganaru 3ta XaJHUHT, SHHU «OYFIaHAND MeXaHu3Mu (1-
MYHKTHP YU3UK), PEePMU-EMUPUITUIIT MEXaHU3MU (2-TIYHKTHUP YM3HK) Ba MPOTOH-HUIIIOH EKU
UKKWJIAMYH 3appadaiap ypuO YUKapuIl MexaHu3MIapH (3-IyHKTHP YHU3HK) WHFUHIUCHIAH

udopar

1 o
1-pacm. 3.25 A TB/c umnybean '*Op-TyKHanIyBIapHIa KHCIOPOX
SIZIPOCUHMHT THHY X0JIAT CAHOK CUCTEMACUIATH NMPOTOHJIAPHUHT UMITYJbC
Oyiinuya MHBAPHUAHT CTPYKTYPAaBUl (PYHKUUSCH TAKCUMOTH

2-xanBamga 3.25 A I'sB/c ummynsean '°Op-TyKHAIIyBIapHa IPOTOHIAD
XOCWJI  OYJNUIIMHUHT HOPMUPOBKA KWIMHTAaH HMHBapHAHT auddepeHuan
KECUMUHUHI UMITYJIbC OYyiHYa TaKCUMOTH KHCIOPOJ SIPOCHHHHI THHY XOJIaT
cuctemacuaa xamaa 300 I'sB/c ummymbemu p° Ne-TYKHAIIMIIUIAPUAA XOCHI
OYIyBUM MpPOTOHJAPHUHI Iy Typaard Takcumorura (1) — udoma opkanu
AKUHJIAIIMII  HaTWKacuja  NapamMeTpiJapHUHT  aHUKJIAHTaH  KUKWMatjapu
KEeNTUPWITaH. 2-%&aJABailaH KYpUHUO TYpUOAUKU:

— b; mapamMeTpHUHI KUHMaTH 16Op—T}”/KHaHJyBJIapw:[a p20Ne—§”/3apo
TabCUpJIapura HuUcOAaTaH eTapiM Japaxaaa karta, Oy NapaMeTpHUHT (UMK
MabHOCU HMITYJIbC TAKCUMOTH JHCIEPCHUsSCUra TECKapu IMpoINopLuoHal OYyiraH-
nury yayH °Op-TYKHAIIyBIapyIa UMITYJIbC TaKCUMOTHHUHT (1) — udonara Tyrpu
KEIyBUM KHUCMM aH4Ya TOp SKAHIUTMHU Omnjupanu. MKku XU TYKHaIIyBiIapJaaru
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dbapK BOIOPOUTH Ba HEOHJH Tydakdaan KaMmepajaapaa CeKWH MPOTOHJAPHU KAl
KWJIMII aHUKJINTY OMJIaH OOFJIHK;

— b; MapaMeTpPHHHT KHHMaTH OpKa sipuMcdepara ydyBYd MPOTOHIAP YIYH
OJIUra Yy4YyBUYWIApDHUKUIa HHUcOataH =~1.3 Mapra karra. b; mnapamMeTpHHUHT
TONWJITAaH KUHMAaTHHUHT Xakukatra skuaaurd (1) — udomamarn OupuHUM Xand
KMIMaTH UMIyJIbCHUHT p = 25 M»sB/c nan p = 250 M»sB/c raua ¥y3rapranuga
(OyfiaHyBYM MPOTOHJIAP COXacH) 4 Aapakara KaMaluIluIaH HOOpaT;

— b, mapaMeTpHUHT KUWMATH OJIIU spuMcdepara ydyBuUH MPOTOHJIAP YIYH
"*Op- Ba p*’Ne-TyKHaINNLIApH/IA XaTOINKIAP Yerapacua 6up Xuiaup;

— b; mapaMeTpHUHT KUWMAaTU OJIU sipuMmcdepara ydyBuUd MPOTOHJIAP YUYH
"*Op- Ba p*’Ne-TyKHaIMNIIApUIa XaTOINKIAP Yerapacuaa 6up XuiIup.

4.2 THB/c mu p">C-tabcupramyBiapaa XocH1 0yaran onau cdepara yayBun
MPOTOHIAP y4yH TOIMWIraH b, KHSUIMK HapaMeTpd Kuitmaté Op- Ba p - Ne-
TabCUPJIALIUIA OJUHTaH KuiMaTiIapu OuiIaH XaTOJMKIAp Yerapacua MoC KeJaiu.

2-KaaBaJ

3.25 A I'B/c umnyascan °*Op-, 300 IB/c umnyascan p>’Ne
TYKHAIIYyBJIAPUAA NPOTOHJIAP XOCHJI Oy ITMINIMHUHT HOPMHPOBKA KMJIMHIaH
UHBApHUAHT JuddepeHuna]l KeCMMUHUHT UMITYJIbC OViin4ya Takcumorura (1) —
u$oaa OPKAJIM AKUHJIAMUII HATHKACHAA MAapaMeTPJIAPHUHT AaHUKJIAHTaAH

KUiMatJjiapu
V3aporascup Typu
[Tapa- *Op p"'Ne
METPIIAp | Xamma Onpaura Opkara Xamma Ounaura
IIPOTOHJIAP ydayBid yayBid MPOTOHJAP | YYYBYM
a 94.46+£3.47 | 45.29+£2.17 | 49.45£2.88 | 50.11+£2.44 | 20.53+1.63
b, 126.1£3.8 | 111.9+4.1 | 149.7£8.4 |56.661£2.61 |49.19+4.29
a 4.55+0.30 | 1.80+0.13 |3.2240.46 |4.21£0.42 1.93+0.43
b, 14.57£0.91 | 9.831£0.99 |24.34£3.91 | 10.39£0.92 | 10.19+2.41
a3 0.84+0.07 |0.56£0.09 | 0.54+0.24 | 0.65%0.11 0.77£0.15
bs 3.71+£0.12 | 3.2840.19 |8.78+1.23 | 3.12+0.18 3.3040.19
X’ /3.0.c. 1.35 1.12 0.72 1.41 1.01

[Myngait kuimub, TE€3 NPOTOHJAP, AWHUKCA, OJIUHTH cdepara ydyBuH-
JAPUHUHT XOCHJI OYNIMIN MeXaHU3MJIapu YHHBEpcal XapakTepra sra Oymuo,
JAcTIa0KM PHEPrus Ba MapyallaHyBUM €HTWJ SApO TUMHra OOFJIMK AMac, JeraH
XyJioca YAKApUILl MyMKHH.

Bu3 mwik 6op deHoMeHoIOrHK Moaeis épaamuna 40 [3B/c mu m >C- Ba 300
[B/c nm pZONe-TaLCHpnamanasz[a MPOTOHJIAPHUHT KYTUIAMYWINK OViinda
takcuMotuan (B.B. I'maronmes, K. Omumos, C.JI. JlyrmymraeB Ba Oomika
Myaidpaap OwiaH OUprajvkaa) KOHUKApJIM Japaxana TaBcudiaaguk. Yoy
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MoJIeja POTOHIAp XOCHI OYIUIIMHUHT ACOCUN MEXaHU3MIIapU Kyiuaaruiapiad
noopat: 1) — yun0 kedayBUM 3appa TOMOHHMAAH PO WYKUA HYKJIOHJApUAA KYII
KappaJld COYWIMIUIAPY HaTWXKacuja MPOTOHJAPHUHT TYFPUIAH-TYFpU ypHO
YUKAPWINILK; 2) — SAPO WYKU TYKHAIIMIUIAPUIAH KEMUH XOCKJI OYaraH Ky3fairan
KOJIIMK SIPOHUHT eMUPUIHILIHA ((pepMU-eMupuinii); 3) — 1actiaabku saIpoJapHUHT
nepudepux TYKHAMMIIIApAaH KEMuH €KW Ky3FalraH KOJJIWUK  SAPOHHHT
EMUPWIMILNIAH XOCHJ OYiraH KYNHYKJIOHJIM NapyaJapHUHT EMUPUJIUIIH,
“OyFnaHuin’.

01}

P(n,)

1E-3 1 1 1 1 1 1 1 1 1 1
0 1 2 3 4 5 6 7 8 9

MpoToHnap coHwn, n,

2-pacm. 300 IB/c umny.abean p*’Ne-TyKHANIyBIapuaa MPOTOHIAPHHHT
KYIUIAMYMJIMK O0Yiin4a TAKCMMOTH (®) Ba (PEHOMEHOJIOTHK
MoaeJb OamopaTtu (Y3J1yKCU3 YU3HK)

2-pacMza Mucon Tapukacuma 300 I'dB/c mMmymbean p o Ne-TYKHAIIyB-
Japuaa XOCWJ OyiraH TPOTOHJIAPHUHT KYIUIAMYWIMK Oyiindya TaKCHMOTHU
KenTupwirad. MEeHOMEHOJOTUK MOJeNb Oyiinya XucoO Y3JIyKCH3 ATpU YU3HK
OusaH KypcaTtuiras. 2-pacMaaH KYpuHUO TypraHujeK, MOJIeib Y0y TaKCUMOTHH
eTapiu gapaxazna sSxum taBcubaiian (7 Ta S)PKUHINK Japakacd yuyH y° = 3.8 ra
TEHT).

3-xkansanga 3.25 A I»B/c mn 16Op- Ba 300 I'»B/c 1n pzoNe- xammaa 40 I'»B/c
mun n C-TyKHaIyBiIapuaa Xocus OynraH mpoTonnap (Taxpubaga CEKHMH Ba Te3
MPOTOHJIAP «UYKOTHWIMIIN»HU XHUCOOra OJITaH X0JJ1a) aCOCUNA MEXaHU3MJIAPUHUHT
yIIyIuIapu Oyinda XucoOmann HaTHKanapy KeITHPUIITaH.

3-kanBangaH KypuHMG TypuOmukm, Op- Ba p’ Ne-TYKHaIIyBIapuia
IPOTOHJIAP XOCHJ OYIUII MEXaHU3MIIAPUHUHT YIyILIapy OUpiiaMyu SHEprusra Ba
napyanaHyB4H SAPO Maccajapura GOFINK dMac. YOy KaTTalukiap yayH 1 -C-
TYKHaIlyBJIapuja Ky3atwiaérran dapkiaap 7 N-Y3apo TabCcUp KYHAAJIaHT
KeCUMUHUHT PpN-TYKHAIyBIapu KYHAAJAHT KECUMHUAAH KUYMKIUTUIAH Keluo
YUKKAH JEUUII MyMKHH.
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3-:xaaBaj
FOxopu sueprusin © 2C-, '*Op- Ba p**Ne-rykunamysnapunaa
NMPOTOHJIAP XOCHJI OYJIUII MeXaHU3MJIAPUHUHT YJIylLJIapu

Mexatmsmap V3apo Tabcup Typiapu
T 2c p'°0 p*"Ne
byrnanum 0.22 £0.01 0.27 £0.01 0.28 £0.01
DepMU-EMUPHUITUII 0.43 +0.02 0.32+0.01 0.31+0.01
Ypub ynkapuiu 0.35+0.02 0.41 +£0.02 0.41 +0.02

Xynoca KuinO alTranjga, MpPOTOHJIAP XOCWJI OYIUII MeXaHU3MJIAPUHUHT
XHUCcallapyu €HTWJI TMapyajiaHyBuM SIPOHUHI HEPTUSCH Ba Macca COHHUIa OOFIHMK
sMac (MMOH €KU IIPOTOH ).

JucceprauussHuHT y9uHuM Oo0maa 3.25 A [»B/c ummynbcnu 16Op-
TYKHaITyBJIapuaa ACUTPOHNIAP, TPUTUN Ba TENUN-3 sIAPOJIapU XOCHJ OYJIMIIU Ba
ylapHUHT OOIlIKAa TypJard 3appajap Ba sapojiap XOCWUJ Oynuiiud OusiaH
oormukurura ona Taxpuoa (B.B. I'marones, K. Onmumos, C.JI. JIyrnymmaes, A. A.
Nynnomes, b.C. Hynmomes Ba Gomka Myammduap 6unaH GHpraiukaa OJHHIAH)
MabJIyMOTJIAPHA KEATUPHWITAH.

4-;xanBaj
Sxcnepumentaa Ba KIIBM xuco6aapuaa enrna napuanap — H,”H,’H Ba *He
HHMHI ypTaya KyIVIaMYWJINTE <ng> Ba XOCUJ OYJIMIIMHUHT UHKJIIO3UB
KYHJAJAHT KeCUMHU G i, (MOH)

[Tapuanap typu 'H °H H He

<ng> (3kenep.) | 1.78 £0.02 | 0.331 £0.007 |0.141 £ 0.005|0.142 £ 0.005

<ng> (KIIBM) | 1.75£0.01 | 0.249 £0.003 |{0.108 £ 0.001 | 0.152 £ 0.002

oin(okcmep) | 594.5+55 | 110.6+23 | 47.1+1.6 | 474+16

Gin (KIIBM) 5845122 83.2+1.2 36.1£0.7 50.8+0.8

4-xanBanma macca cownapu A<3 OyiaraH eHrwi mnap4yaJapHUHT
HKCIEPUMEHTANl YpTadya COHM Ba HWHKIIO3WB KYHJAJIAHT KECHMJIApH XamJza
KacKajqu mapyajgaHum Ba Oyrinanum  moaenuHuHr (KIIBM) oGamopatu
kentupwirad. XKagsangaH qeHTpOHIAp XOCKUI OYJIUIMMHUHT UHKIIIO3UB KYHAIaHT
KECUMHM MPOTOHIAp XOCKJI OYnuin KeCUMUHUHT 20% HM TAlIKWI KWJIHIIH, KY3Ty
AApoIIap *H Ba “He xocmi oynum kecumugan 2.4 Maporaba KYIUIUTHHUA KYPHII
mymkuH. KIIBM monenn 6yiinua xucoOnaHran H Ba °He AIPOJAPUHUHT ypTaya
KYTUIAMYMIIATH TakpuOa KuiiMatuian < 1.4 MapTa KHYHK.

[lynnmait kunu6, KIIBM akcmomaTukacujga acoc KWJIMHTaH ’H Ba °H
SAIpONIapu XOCWJI OVIMII MeXaHW3MIIapW, TaxpuOajga OJIMHTAaH HaTHXaJTapHU
TYLIYHTHUPHUIL YUYH €TapJId 3Mac.
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Kucnopoa siapocu TuHY Xxonar cucteMmacuaa (3-pacM) AEHTPOHIAPHUHT
TYJIIUK UMITYJIbC OYHNYa SKCIIEPUMEHTIA OJIMHTaH TaKCUMOTHUHHHT p = 0.40-0.55
[™B/c umnynse coxacuaa KIIBM xwucobOnapuaa wmaBxyn OViamaraH «eikay
Ky3aTUJIaIu.

HNkkana  TaKCUMOTJIApHU TaKKOCJAaIIIaH KYpUHHO TYPUOIHUKH,
umiysnbcHUHT 0.10< p <0.35 I@B/c coxacuna KIIBM 6yiinua nedTponnap kym
xocust 6ynaau, p > 0.4 ['9B/c na sca anya kam neiTponnap Ky3atwiaau. by dapk-
Jap, MoJenAa Te3 KacKa/Uii HYKIOHJAPHUHT Y3apo OUPHUKUIIL MEXaHU3MUHHU
XucoOra onMaciauk Ounad OOFIUK Oyica Kepak.

10° |

a1 o
107 F °

1/N*AN/AP
o
-
-

10° A 1 A 1 A 1 A 1 A 1 A 1 A
0,0 0,2 0,4 0,6 0,8 1,0 1,2 1.4

P, MB/c

Benrunap: @ — taxxpuba, o — KITBM 6aroparu

3-pacm. Kucaopoa siapocu THHY X0J1aT CAHOK CHCTEMACHIa JeHTPOHJIAPHUHT
HMITYJIbC OyiiMYa TAKCUMOTH

Hetitporimap umnynbe TakcuMoTHHUHT p = 0.40-0.55 IB/c coxacuna
«eJIKay XOCHJI Oyni cabaOMHM aHMKJIAIl MAKCAAUAA yiaap UMITYJIbC TAKCUMOTHUHU
KHCIIOPOJ, TUHY XO0JIAT CUCTEMACHla OpKara Ba OJIIMra y4yBYM ACUTPOHIAp YUYH
aoxuaa Kypuo6 unkunau (4-pacm).

Kypunu6 Ttypubauku, (4-pacM) opkara UYMKYBUM JECUTPOHJIAP HMITYJIBC
TaKCUMOTH CWJIJIMK, YHJIa X€4 KaH/Jaii MOHOTOHJIMKAAH YeTJIAIUII Ky3aTHIMAN/IH.
Onaura yuyBun nedtponnap crnektpuna p = 0.40-0.55 I'BB/c na «enka» sHama
SIKKOJI Ky3ra TalUlaHaJu Ba TAKCUMOTHHMHI y3M aHYarnHa «KaTtTuk». Komasepca,
ypTaya umnyasciaapu oup Oupuaan Gapk KWIyBYM MKKH €KH y4 MEXaHM3MIIap/aH
XOCHJT OYyiiraH JEHUTPOHJAPHUHI TAaKCUMOTJIApUW Oupu-OMpu OwiaH KyIuino
kerrad. banku Oy s¢ddexT opkara Ba onaura yuyyBu4d MPOTOHJIAP XOCHJ OYIIHII
MEXaHU3MJIADUHHUHT Oup-Oupunan Qapknanumu Ounan Oornukaup. Opkara
y4yBUYM JEUTPOHJIAP, acocaH, «OyFJIaHUID» MEXaHU3MU Ba (HEepMHU-EMUPUIIHIL
MEXaHU3MJIapu OpKajid amaira owagaud. Ongura ydyyBYM JACUTPOHJIAP XOCHII
Oynumuaa OKopuja KypcaTWiraH MeXaHW3MIIapJaH TalllKapu, HucOaTaH Te3
y4yBYM NapyaJIapHUHT EMHUPWIMILM, KacKaJIl HYKJIOHJIAPHUHT OUPHUKHUII
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MEXaHU3MH XaMJa ACUTPOHJAPHU KBA3UAJIACTUK YPUO UMKAPUII MEXaHU3MIIapu
XaMm xucca Oepuiid MyMKHH. Tabkuqmad VTwiraH MexaHusmiiap Taxpubana
Ky3aTWITaH «EJIKa»HUHT Naiio Oyaummra oimud Kenca Kepak.

JedTporsiapuuHr  OollKa mapyaiiap OujgaH Ouprajivkia YUKUIIUMHUHT
Tax i (S-kaaBaji) IIYHU KypcaTaauKH, NEUTpOHIAp TYFWITaH Xojaucaiapia
3apsau Z < 4 mapuajJapHUHT YpTraya COHHM JCUTpOHJAp XOCWUJ OYyiaMaraH
BOKeajlapra HucOaTtaH karrta (3apsau Z > 5 napyanap yuyH KHUKMHA) Oyiap SKaH.

10° F
oo
o*o0%e®
L o %eq0e
[ ]
¢ o ¢
10" 3 & ®
S : Q L
R :
g ¢
T 02 F .
10_3 " 1 L 1 L 1 L 1 L 1 L 1 L 1
0,0 0,2 0,4 0,6 0,8 1,0 1,2 1,4
P, MB/c

® — QJIIUra y4yBYH JEUTPOHJIAP YUyH; O — OpKara y4yBUYHd JCUTPOHIApP YUyH

4-pacm. Kucaopoa ssApOCMHUHT THHY X0JIAT CAHOK CHCTEMACH/IA
A TPOHJAPHMHT TYJIMK UMIYJIbC OYiHYA TAKCUMOTH

S-:kanBan
JleiiTpoHu G0p Ba JeHTPOHHU YK X0oaAucaJapaa NapyaJapHUHT ypTaya
KYIUIAMYUAJIUT U
[Tapua 3apsan
Ng
1 2 3 4 5 6 7

0 |1.37+0.03 | 0.56£0.01 (0.063%£0.003 0.035+0.002 0.076+0.003 0.216+0.005 0.247+0.006

21 |2.47£0.04 | 1.06+£0.02 | 0.12+£0.01 (0.054+0.005 0.067+0.006 0.126+0.008 0.022+0.003

Yuly GofJlaHUIIIHU OpKara Ba OJIUra YUYyBUYHU JICUTPOHJIAP YUYH aJOXHa TaxJIuI
KWL IIYHH KypcaTaguku, OyHAail OofiaHUILIAp ACUTPOHIAp XOCHJI OVYIHII
MeXaHU3MHra OOFJIMK IMaC.

JlucepTalussHUHT TYpTHHYH Goomma 3.25 A IB/c ummynscim ' °Op-
TYKHaIIyBJIapuaa Tenui-4 saponapu Xocwin Oymaum Mexanusmiiapuau (B.B.
I'marones, K. Onumos, C.JI. JIyrnymnaes, A. A. ﬁ}"fﬂﬂomeB, b.C. ﬁ}”fﬂﬂomeB, B.B.
JlyroBoii Ba Gomika Mmyaumidiaap OunaH OUprajivkiaa) TaaAKUK KUJIWII HaTHKalapu
KeNTUpuwiIrad. byHza, acocaH, HOTYpryH sApoJap *Be, B Ba YUFOTUJITAH 2C*
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SAIPOCUHUHT O-3appadanap XOCWJ OyiHIIura KyIraH XHCCaJapyuHU TOMHILTA
MyxuM axamuar Oepwirad. lllyHuHrAek, o-3appayanap HMHKIIO3UB KYHAAJIaHT
KECUMJIAPUHUHI Ba OOIIKa KUHEMATHUK XapaKTEPUCTUKATIAPUHUHT KHUCIOPOJ
AIpOJIapy E€MUPWIUIIMHUHT TOMOJOTUK KaHajulapura OOFIMKJIWIU YpraHujira.
Taxpuba nHatmxanapu KIIBM Oamopatinapu OuiiaH Takkocsiad VpraHwiras.
bynnan Ttamkapu, onuHraH Hatwkaigap [oiabaxaOepHUHT CTATUCTUK MOJAENHU
XaMm/la HYKJIOHJIAPDHUHT OUPHUKUIIM MOJIE/UIApUHUHT  Oamopatiapu OuiiaH
TaKKOCJIaHAI!.

o-3appavyaniap XOCWJI OYJIMIIM MEXaHU3MJIAPUHUHT XHUCCAJTApUHU aHUKJIAII
y4yH KHHETHK OJHeprusjiap Oyilu4a WHBApUAHT CTPYKTYpaBHM (PYHKIUSACH
f(T)=Ed’c/dp® Taxpuba wnaTmwkanapunu KIIBM Oarmropatiapu, Ba HYKIOHJIAp
OMPUKUIIM MOJENH OamopaTy OMIIaH XaM TaKKOCIaIuK.

KIIBM Oamopatu T<15 M5B coxaga Taxpuda HaTHXKaJIapUHU CTAaTHCTHK
XaTONUKJIAp yerapacuaa KoHukapiau tapcuduaiinu. KITBM enrun napyanap xocui
Oynumuaa OyfJIaHMII MEXaHM3MU XHCCACHMHM €Tapiid Japaxkaja TaBcHudaii
OJIMalIu, JIEKUH OW3 YpraHraH Xo1/1a Ky3aTWIral eTapianda MOCIHUK o-3appadaiap
Xocun Oynumujaa, OyFJIaHUII MEXaHU3MU XHCCACHHHUHI KyJa KaMIIUTH, EKU
nespau OyTyHIal WYKJIUTUHA OUIITupaIu.

T>15 MbB coxaga KMHETHK »Heprus omuiu OunaH Taxpuodba Ba KIIBM
OamropaTiapu opacumard (apk keckuniama Oopamu. Hazapuit Takcumor T<100
MbsBpa tyraiiau, taxxpubaBuii TakcuMoT 3ca T~200 M»sBra kamgap naBom 3taau.
bynaka karra ¢apk KIIBMpa sapoHUHT o-KJacTepiid XyCYCHSTHHH, Xam[a
KacKa/JIM HyKJIOHJIap OMPUKHIIINA MEXaHU3MHUHHU XUCOOTa 0JIMACIIUK OulaH OOFIIHK.

Kunetuk sHeprusuar T=100 M»>B coxacupa a-3appadayiiap CHEKTPUHH
MPOTOHJIAP CIEKTPH acocuja Oupukuil mojaenu Ownan taBcuduaauk. bupukwuin
MEXaHU3MHUHMHT O-3appadajiap XOCHJI OVIMII MHKIIO3UMB KYHAAJIHT KECUMHUAAru
xuccacu 1.4+0.3 % ra TeHr.

o-3appadayiapHUHT KYHIQJIAHT WMITyJIbc OVinya TaxkpuOaBuii Ba KIIBM
OalopaTv COMMITUPWITaHAAa KYHIAIAHT UMIYJIbCIAPHUHT MKKaIa TaKCUMOTIap-
Jaru KuhMmatiapu Oup-Oupura MOC KeJcaja, CHEKTp KYpUHMIIM aH4YarmHa
bapxuaup.

«Cexkun» a-3appavanap (T<10 M»sB) Oypuak TakcUMOTHUTa TYXTaaub yTamus.
MabnymMku, TapyaJaHUIIHUHT  CTAaTUCTUK  Ha3apuscuUra acocaH, CEKUH
3appadajapHUHT Oypyak TakKCUMOTH M30Tpon Oynumm kepak. Kunetuk
sueprisutapn T<10 MpdB/mykinon 6ynran emrmn 3appamap (p, d, t Ba °He)
YUKUIIMHU YpraHran naitjaa Taxpuba HaTKalapu CTaTHCTHK Hazapusi Oyiinua
KyTWITaH HAaTWXKaJaH 4YeTNalluIIM Ky3aTWigud. by HaTwka mnapyajaHyBuYd
SIPOHUHT OypYaK MOMEHTHUTA dra OYVIUIIN OPKAIH TYUTyHTHPUIITAH d]TH.

Ilynnait k6, 3.25 A TaB/c ummyascan *Op-TykHarmyBIapua o-
3appavdajJapHUHT Xap XU KUHEMAaTUK XapaKTEPUCTUKAIAPUHH YpraHUII KyWHuaaru
HaTHXanapra oiaub kenanu. Kytuiaranunuek, o-3appadajapHUHT aCOCUN KUCMH
bepMu-eMUPIINII (CTATUCTUK MEXAHU3M) OpKaJIA XOCcwI Oynaau. bynma
«OyFJIaHUID) MEXAaHU3MUHUHT XUCCACU CEe3WIMai . BUpUKUIIT MEXaHU3MUHUHT
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XUCCACHU KMHETUK YHEPTHs Ba KYHIAJIAHT UMIYJbCHUHT KaTTa KUHMaTH1a HAMOEH
oynanu.

3.25 IB/c nmu '°Op-rykHamysnapuaa 3 Ba 4 Ta a-3appada XOCHI OYIIHII
KaHaJUlapuJa o-3appajiapra eMUPUIYBUM KYT HYKJIOHJIU TU3UMIIAPHUHT OPaIUK
XO0JIaTIIApU YPTaHWIIJIU, XyCyCaH, *Be >a+aBa Boatat P eMUpHWIMLLIAP.

O-3appadanap XOCHI OYTHIIMHUHT GOIIKA MaHOaTapuIaH GUpH HOTYPFYH ~He
Ba "Li saposapunup. HotypryH mutuit-5 saponapu XoCuia OYIUIIMHUHT UHKITFO3UB
kyHgamanr kecumu o (CLi) = 8.4 + 0.5 mOGapura Tenr, 6y sca Golika TYpryH
M30TOIUIAap KYHAAIAHT KECUMHIaH KaTTa papK KuiIManu.

VYurta o-3appayanap HWHBapUaHT MmaccajdapuHu (5-pacM) TaxJuia KWW
acocHJla WMITYJIbC Ba HSHEPTUSHUHI CaKJIAHWII KOHYHJAPUHH XHUCOOTa OJyBUd
¢da3oBuil M30TpONUAra acoCiIaHyBYM (EHOMEHOJOTHK MojeiaaH (oiinananuo,
YUFOTUJITAH 12C* SIPOJIADUHUHT 3Ta o-3appadya XOCWJ OYIyBYM KaHajTa
XUCCACUHU aHWKJIAAWK. by Xucca ydra o-3appainap XOCHJI OYIyBYM KaHAT
KyHamanr kecCMMUHUHT (38+3)% TeHr unkau. KaHamHUHT KoJTaH KUCMU (QepMu-
EMUPUJIUII Ba IPOTOH HUIIOH TOMOHHUJAH y4Ta O-3appayara sra Oyiran KOJAUK-
sapoAaH OUTTa O-KJIACTEPHU KBA3MAJIACTUK YPUO UYMKApHII HATHXKACHAa aMmalra
OIIIA]IN.

70 -

i +
A 3

Xopaucanap CoHn

AE*, MaB

5-pacm. XoaucajJlapHUHT Ky3FaJauil SHeprusicn 0yiinua AE* takcumMoTu

3.25 IB/c m '°Op-TyKkHamyBrapuga 3 Ba 4 Ta a-3appada XOCHI OYIIdII
KaHaJUIapy TaxJIMJ KWJIMHTAH/a yHYa KarTa OyiMaraH azuMyTal acUMMETpHUs Ba
KOJUIMHEAPJINK AaHUKJIAHIU. o-3appadaiap >KyQQTIUTH UMITYJIbC BEKTOpIapH
KOJUIMHEAPIINIY Ky3aTHINIINra cabab HOTYPFYH siapo "Be HuHr *Be — o + o KaHa
oyiinua 0.1 Ba 3.04 M»B sHeprus yukuiy Omian Oopagurad acocuii Ba OMpUHYN
Ky3faliraH XxojaTjapiard eMUPWIMIIM Oyaumu MyMKUH. YOy (apa3sHUHT
TYFPUIMTHHHA U30Tpon (pa3a coxanu (EeHOMEHOIOTHK MOJeNU EpAamMuia Kyinaaru
HOTYPFYH SPOJIAp XOCHI OYIIMINE Ba eMUPHIMIIMHA XUCOOTa oraH Xouari "Be
o+ aBa ‘B oo+ o+ p peakuusiapaa TeKIMpUG KypamK.

6-pacMjia i- Ba j- o-3appadallapHUHT (g;) — Ky(PT azumyTan Oypuak Oyiinua
TakcUMOTH Kentupuirad. Iy epHuHr y3una “Be Ba ’B HOTYPFYH SIpOJIapU XOCUJI
OYIUIIM Ba eMUPUIUIIIMHU XUCOOTa OJIyBYM PUBOKIAHTUPHITAH (PEHOMEHOJIOTHK
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u30Tpon ¢aza coxanu mojaenu Oyitnua Monrte-Kapno xucobmapu HaTHxaniapu Xxam
KEITHUPUITaH.
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ij
6-pacm. i- Ba j-o-3appajJlapHHHT (g;;) Ky(PT asumyTana Oypuakap oyiuua
TAKCUMOTH

*Be Ba B HOTYPFYH SpOJjapv XOCWJ OYJIMIIM Ba €MUPUIIUIIMHU XHUCOOTa
OJIMHTaHJa AKCIIEPUMEHTA] Ba MOJEN XUCOoOJIapuaa SXIIM MOCIUK Ky3aTHIIAJIu.
OHr SIXIIM MOCTHKKAa 'Be saponapd XOCHI OYJIHIIMHHHT SXTHMOJLIMKIAPH
W(0.1)=15.4% Ba W(3.04)=6.6% 6yaranmga, 'B sapomap XOCHI OYIHIIHHHHT
axtumosuuru W(0.3)=19% o6ynranaa spuiiian (KaBc H4uIa EMAPUIUIT TalTH A
aXpanub YUKAJAUTaH SHEPTUSHUHT KuiimMaT M»aB napna 6epuniran).

7-pacmaa '°Op-TyKHaLIYBIapHAa OXHPTH XOMaTaa 3 Ba 4 Ta a-3appa XOCHI
6ymum GumaH GopyBud Xap Oup °Op-TykHamyBnapu yuyH (B) asuMyTan
KOJUIMHEAPJIMK MapaMeTpu 0yiinya tTakcumot kentupuirad. lly epuunr y3una "Be
Ba 'B HOCTAOWJI SAPOIAPH XOCHI OYIMIIM Ba GYIMACIUIHHU HTHOOPra ONyBYH
PUBOMIIAHTUPWITAH (PEHOMEHOJIOTUK U30TpoN (aza coxalid Mojesu Oyitnda xucob
HATIDKAIAPH XaM KeITHPUIraH. 'Be Ba °B HOTYPFYH SAPOJNApH XOCHI OYIHIINHA
9BTUOOPTa ONYBYM MOJENT XUCOOJNapu Taxpubda CHEKTPUHU KOHMKApPIIU
TaBcuIaiIn (x2=3.88 10 Tta opkuHAMK gapaxacuma, 95%  umonHu
AXTUMOJUIUTU]IA).

[y Ounan Oupra, KOJUIMHEAPJIMK MapaMeTpu KuWMaTiaapu Xam MOC Kenaau
<Br>sken =0.13 £ 0.03; <Pr>pacq = 0.13+0.02. FOKopHuIaru HOTYpFyH SAPONIAP XOCHI
OYIMIIMHN YHTHOOPTA OJIMaraH MOJEN Xucooimapuaa 3, HWHT KHAMaTH HOJITa TeHT
(<B2>paca = 0.004£0.024 Ba ¥*=21.56 10 Ta SPKHHINK AAPaKacHIa, HIIOHU
sxTUMOIITATY 2% JTaH Kam).

Xynoca kunub aitranga, 3 Ba 4 Ta o-3appa XOocua Oynumn OWiIaH COmup
OYIyBUM KaHAJIapJard TaxXpuOa HaTWwKadapuaa Ky3aTWIagural a3suMyTall
KOJUIMHEApIINK OpaJHK HOTYpFYH saponap 'Be Ba B Xocwn Oymumm  Ba
EMUPWINIIY OWJIaH OOFJIUK JKaH.
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Xopaucanap COHU
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Hotypryn *Be 1 °B saponapu XocuiI G THIIMEN 5THOOpra OyBuH (Y3/IyKCH3 THCTOIPaMMa) Ba
3THOOpra 0aMoBuH (IITPUXJIH ructorpamma) Monrte-Kapio moaenu xucobnapu

7-pacm. UHauBuayan 16Op-T§’71<Hamnumapm[a B, -TakcumoTH

6-:KaaBaa

3.25 A I'3B/c umnyascan *Op-TyKHamyBIapHaa TYPFYH Ba HOTYPFYH
M30TOMJIAPHUHT X0CHJI OYJIMII KYHAAJIAHT KecuMJIapu, MOapHiapaa.

A | oxAc | Z | A |  oxkAc |

H, 509.0 + 5.7 °Bs 5.70 £ 0.29

1 ’H, 116.9 + 1.3 0B 10.6 + 0.4
H, 41.8+0.4 g, 10.9+0.4

*He, 40.7+1.9 “B; 0.51 +0.42

5 *He, 164.0+ 1.9 ¢, 1.77 0.8
He, 8.40 + 0.50 e’ 9.18 £ 0.76

He, 1.03+0.23 ¢ 263+0.8

*Lis 8.40 + 0.50 Pey 9.80 =+ 0.80

3 SLis 19.0+0.8 BCe 9.48 +0.76
"Lis 10.6 £ 0.8 M 3.68 +0.76

8Li; 4.80 +0.76 PN, 9.40 +0.79

"Bey 10.3+0.5 N, 26.1+0.8

*Bes 7.63 +0.37 N, 30.3+0.8

4 'Bey 6.15+0.52 1‘5‘08 2.85+0.70
10 Os 31.1+0.7

Bes 0.89 + 0.52 50, 305107

* .. V3
—)‘HOTVDF YH CKHM YUFOTHJITAH XOJIaTJIap

Typryn napuanap ummynbc TakcumoTura (x=1/p) l'ayce dynkuusnapu 6mnan
SKUHJIAMAIT  €pAaMua Xamaa HOTYPFYH SIIPOJIAPHUHT O-3appadaiap XOCHII
OynuIIMaary XuccajapuHu XucooOuaiiaa KyJIaHWiraH ycyimapaaH oigananuo
3.25 A TsB/c umnymsenu °*Op-TyKHamyBiapuaa wik 6op 3apsam | nax 8 raua
OynraH TypryH Ba HOTYPFYH M30TOILIAPHUHT XOCHJI OYIINII KYHAAJIAHT KECUMIIapH

Tonuau (6-KaaBai).

6-kaZBalaH KYpUHUO TypraHueK, KYI3apsid napyajap opacuia o-
3appanap X0ocus1 OVIMIIUHUHT UHKJIIO3UB KYHJAIAHT KECUMU SHT KaTTa, 1y OWJIaH
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Oupra, Mmacca coHu acocui macca coHu (A=27) nan 1 tara dapk KuiyBund Oapua
«KY3Ty» SOPONApHUHT XOCWJI OYMWIN KYHJAJIaHT KECHUMIJIApH CTaTUCTHK
XaTOJIUKJIap uerapacuja Oup-oupura TeHr.

HMucceprauusiHuHar oemmmn4yun 6oouna 3.25 A IB/c au 16Op—, 40 I'>B/c nn
n C-, 4.2 Ba 9.9 IB/c mu pC-, 4.2 A I'»B/c nu *HeC- Ba CC- xamzaa 300 I5B/c nu
pNe-TyKHalIyBiapuaa KyMyJIsTUB MPOTOHIIAP XOCHUI OYJIMIIMHU WK O0Op TU3UMIIH
(K. Onumos, C.JI. JIyrmnymnaes, B.U. ITerpos, P.H. Bexmupsaes, b.C. Uynnoures
Ba Oomka Myaumduap OwiaH OWpraavkaa) TaAKUK KWIMII XamJa KyMyJIsTHB
*apa€HiapHu TaBcudiamra OaruiuIaHral €HIAITUIUIAPHUHT TaXJIU HaTHXKaJapH
KEeNTUPUIITAH.

8-pacmma 40 I»B/c mu n C- Ba 4.2 A [B/c nu CC-tykHamyBnapuaa
KyMYJISITUB TIPOTOHJIAP MHKJIIO3UB KYHAAIAHT KECUMIIAPUHUHT KYMYJISITUB COHH [3
Oyiinua TakcuMoTH f3 > 1.2 coxanap y4yH KypcaTHJIraH.

do/dB, MGH
1000 ¢

100 |

10 |

0,1 . 1 . 1 . 1 . 1 . 1 . 1 . 1
1,2 1,3 1,4 1,5 1,6 1,7 1,8 1,9

p
V3nykceu3 TYFpu un3ukiIap — Taxkpuodara (2) udoaa OunaH SKMHIAITUIT HATHKaTIapu
8-pacm. 40 I'3B/c im w C(®)- Ba 4.2 A I'3B/c am CC(0)-y3apo

TabCUPJIAPUAA KYMYJISITUB NPOTOHJIAP HHKJIIO3UB KYHIAJAHT
KeCUMJIADUHUHT KYMYJSAITUBJIHMK COHHU f§ Oyiinya TaKCUMOTH

9- pacmaa — 300 I»B/c au p*’Ne(e)- Ba 3.25 A I»B/c mu “Op (w)-
TYKHAUIyBJIapyW Y4YyH KyMYJSITUB MPOTOHJAP HWHBAPUAHT CTPYKTypaBuid
(GYHKUMSACUHUHT KYMYJISTUBIMK COHU [3 OViimya TakCUMOTIIApU KEITUPUIITaH.
TyFpu y3i1yKcU3 UYM3UKJIAp OPKAJIU TaXXpUOaBUl TAKCUMOTIIApTra Kylnjiaru

J(B) = aexp(=bP) 2)

udoaa OunaH SKMHJIAUIUII HATUXKAJapHu KYpCaTUIITaH.
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KyMyJlITUB NpPOTOHJIAPHUHI KYMYJISITUBIMK COHM [ OVyitmua Oapua
TakcuMmotiapra (2) wudoma OwnaH SKUHJIANIMIN HATIWKajIapu 6-KaaBanaa
KEJTUPUIITaH.

3
T

E*d®c/dp®, MGH*aB *c**cTep”
3,
T

1,2 1,3 14 1,5 1,6 1,7 1.8

p

Tyrpu un3uknap taxpubdara (2)-udoaa OunaH IKUHIAMIUII HATHXKATAPH

9-pacm. 300 I'3B/c i p*’Ne(e)- Ba 3.25 A I'3B/c u '°Op(m)-
TYKHAIIYBJAPUIAA KYMYJSTHB NPOTOHJIAP HHBAPUAHT KYHAAJIAHT
KECUMJIAPUHUHT KYMYJSATHBJIMK COHM Oyiin4a TAKCUMOTH

7-xanBaJ
2-ndona dOunaH AKUHJIAIMKII 0YiANYa KUSUTHK NMapaMeTpJiapu, TYKHALLYB
TypJiapH Ba X0AHCAJIAP COHU

T;;:a;});:(el;acgyc) Xozmcanap com Kustmuk n;paMeTpn, e,

n C, 40.0 16657 8.18 £0.26 1.1

pC, 4.2 6901 8.09 £ 0.49 1.0

pC, 9.9 18325 8.10 £ 0.25 0.9
“HeC, 4.2 4 12326 8.00 + 0.28 1.2
CC,4.24 20530 8.14 +0.20 0.4
"°Op, 3.25 4 12367 8.13+0.21 0.4
p*°Ne, 300 4990 7.99 +0.18 0.8

7-x)aaBannaH KypuHUO TypUOANKHU, KUSIITUK MapaMeTpIapUHUHT KHAMaTIapu
Kapana€tran Oapua TypJard y3apo TabCHUpJIap Ba OMpJaMyd JHEpPrusiap y4yH
CTaTUCTUK XaTOJUKIAp uerapacuja Oup-Oupura TEHI Ba XamMma aHcaMOiuiap
Oyiinua yHuHT ypTada KuimMatu 8.1 + 0.1 HU TarmKua Kujaaam.
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Mlyan TabKkuanam Kepakkd, KyMYJISATHB NPOTOHJAPHUHT Hadakat
MHBAapUAHT CTPYKTYpaBui (QYHKUMSJIApUHUHT [3 ra OOFIHKIWIH, XaTTO Yyiap
MHKJIIO3UB KYHIAQJIAHT KECUMJIAPUHMHI XaM KyMYJISITUBIMK COHHUra OOFJIMKJIUTH
AKCIIOHEHLIMAJl KOHYHUSATIra OyilcyHap sKaH.

AWTHII MyMKUHKH, KyMYJISITUB TPOTOHJIAPHUHT XOCHJ OYJIMII MEXaHU3MU
OupramMuu 3appa Typura Xamjia SHeprusara OOfJIuK dMac.

KyMyIsaTiB npoToHmapHuHr Op- Ba p’Ne-TYKHAIIyBIapuaard ypraya
KyriamMuniura Moc papumiga 1.11 = 0.02 Ba 1.16 £ 0.03mapra TeHraup, T« -
ME30HJIap, MPOTOHJNAp, O-3appadajlap Ba yIJIEpod SAPOJIAPUHHUHT  YTJIEPO.
saaponapu OwiaH y3apo Tabcupiapuaa Oy kartanuk 1.05 £ 0.01um Tamkwn
kmitanu. 4.2 A I'B/c umnynscnu CTa-y3apo TabcupiiapiHy 1acTIa0KH TaX IHIIH]IA
KyMYJISITUB IPOTOHJIAPHUHT KyMYJISITUB XoJucanapaaru yprada conu 1.79 + 0.06
ra TeHr 4uKad. Jlemak, KyMyJIsiTUB NMPOTOHJAPHHUHI ypTadya COHU MapyalaHyBUYd
AJIpO Macca COHU YCHILN OUJIaH CEKUH OpTUO OOpaaH.

Kymynarus nporoHnap ypradya KYIUIAMYWIMTHHUHI I1apyajaHyB4yd SOpO
Macca COHMra OOFNMKIMIUHU YpraHull Y4yH yHTra Kylujaara udonaa <ng,> = a +
A" Ounan sxkuanamway. by epna A — mapuyananyBuM sApo Macca COHHU, @ — Ba & —
SKUHJIAIIUII TTapaMeTpiapu. SKuHIamum Hatuxkacuaa 99 ¢housnu 3XTUMOIUTUKIA
napaMeTpJapHUHr KuitMatiapu Kyhuparuinapra a = —0.41 + 0.01 Ba a = 0.15 =
0.01 tenr unkau. Taxpuba HaTHKaNapura <n.,> = a + Z" udoaa ounan (0y epaa
Z — Aapo 3apand) sSKUHIamra#aa sca 99 Qowusman KYnpok SXTHUMON OuliaH
napametrpraap kuimatiapu a = —0.32 £0.01 Baa = 0.17 + 0.01 napra TeHr.

[lyHucH KU3UKKHU, Xap MKKala sSIKMHJIAIIMILIA XaM Japaxa KypcaTKudiapu
CTaTUCTHK XaTOJUKJIAp derapanapuaa Oup-oupura TeHr Ba 1/6 ra xyna SKUHIMP.
By sca mpoToHjIap COHMHHMHI Macca COHMra OoOfjaHMII Kypcatkuuu 1/3 nan
cesunapid QapK KWIMIIMHM Kypcataad. KyMmyJsTHB OPOTOHJIAPHUHT XOCHII
oYUy sapo 3uwiury QuIykTyarnusicura OOFIUK OYIraHiaurd Ba, ¥3 HaBOaTHIA,
GaykTyanus yprada KYIUIaMumwinK (QIyKTyaluscura MmpornopuuoHai OYiIraHiurua
y4yH y4uO KenyBYM SApO OWUJIaH TabCUPJIALIYBYM MapyalaHyBUHU SIpo TpyOKacu
ynyamy ~ A", baykTyauusuiap COHM <p>'~ Tra MpONOpLUOHAT Oyiranjaa
KyMYJIATHB IpoToHap conr ~ A" ra mponopuuonammru kenu6 ankaam. Maskyp
Ba3uATAA A-OOFJIaHUII XapaKTEPH KyMYJSTHB MPOTOHJIAPHUHT «COBYK» MOJEIb
cueHapuiicura, spHU (IYKTOHIJIAp MaBXKya €0 XUcoOaHaIural MoJieib acoCcua
Xocua OynumuHu Kypcataau. FOKopuaaru XoJaTHM TAacIUKJIOBYM (pakTiapaaH
OUpU KyMYJSTUB XOJUCAlap XHCCACHHUHI Y4YHO KeIyBYM 3appa €KU sSApoJiap
Macca coHura Oofnuk sMaciauruaup. KyMmynatus xonucanap XuccajJapUHUHT COH
KUiIMaTiaapy 8->KaJBalijla KEITHUPUIITaH.

8-amBaylaH KYpUIIl MYMKHWHKH, O€pWiraH mapyajiaHyBud sSIAPO Y4yH
KyMYJSITUB XOAMcCalap YJYyIIM, HHUIIOH SAPO Macca COHM Oup Xxun Oynranja
OupsiamMuu 3appa €KU sIAPO Macca COHUra (IPOTOH €KU OApUOHIIAP TUIUMHU) OOFIIUK
smac. by XonaT KyMmMyJATHB HNPOTOHJIAPHUHI BY)KyJra KEIWIIM OWpiamMud 3appa
Typura (IMOH €KH MPOTOH) CE3TUPJIMTUHU KypcaTaaH.
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8-:kaaBaa
KyMyasiTUB NpOTOHJIM X0AKCAIAP YAYULJIAPUHUHT OHPJIaMuM 3appa
Typura 0oFJIMKJINTH

. Xoucanap- Kymynarus Kymynarus

VY3apo Tabcup . IIPOTOHIIU IIPOTOHIIU
HHHI' TYJINK
TypH, P,, I'9B/c Xoaucalap xoaucaiap
COHU
COHU ynyuapu, %

n ’C, 40.0 16657 1097 6.6 +0.2
pC, 4.2 6901 699 10.1+0.4
p”C, 9.9 18325 1825 10.0+0.2
‘He'*C, 4.2 4 12326 1211 9.8 +0.3
2cC,4.2 4 20530 2070 10.1+0.2
Op, 3.25 4 12367 1496 12.1+0.4
p*’Ne,300 4990 728 14.6 £ 0.6
CTa, 4.2 2440 1013 415+1.5

Bupunun xonataad ¢oiinananu6, p'’C-, o'°C- Ba "“C'"’C-ryxHamysmapu
Oyiinya KyMyJISITUB XOJHUCATAPHUHT YpTadya yJIyIIMHH TOMMUIIMMU3 MyMKHH. By
kartamk 10.0 + 0.1% ra tenr. KymynaTuB mpoTOHIM XoAucCanap YJIYLIUHUT
OupnaMuyu GapHOHIAp TU3UMHIra OOFJIHMK OYIMaciaurud OupiaMyd 3appajapHUHT
¢nykroHnap OunaH OWp Kappajiu TYKHAIIYBIAPUHUHT YCTYBOP HKaHJIUTHHU
kypcaraau. QIIyKTOHIap COHM 3ca OEpUITaH NapyaJaHyBUH SIPO YUYH «COBYK)
Mozeny Oamopatu Oyiinua y3rapmac kaTTaiukka sra. DaykToH Ba 3appanap
TYKHALIyBJIapUJa 3appaHUHT TYpH, SbHU KBapKIM TapKUOM MYXUM axaMusaTra
sra. by »kuxarnaH OapuMOHIM THU3UMIIAP Ba MHUOHJIAP TYKHAIIyBIApUAAa XOCHII
Oyiaran KyMyJsITUB XOJUcalap YyJIyIUIAPUHUHT HUCOATH JAMKKATTa Ca3oBOPIHUP.
Maskyp karramuk 0.66 £+ 0.02 ra Tenr, Oy 5ca CTaTUCTUK XaTOJHUKJIAP
yerapanapuja 2/3ra TEHTIUp, S’bHU MHOHJArM BaJICHT KBapKiap COHU (2)HHUHT
NPOTOHAArd BAJCHT KBapkiap coHuU(3)ra HucOaTtura aitHan teHraup. Jlemak,
KyMYJISITUB TIPOTOHJIADHUHT XOCWJI OYJIMINK KBapK-MApTOH Japakaiapujia
amaJira oulap JKaH.

Xynoca KwinbO alTranga, KyMYyJSITUB MPOTOHJAP XOCHJI OYITUIIMHUHT
VWHBAPUAHT-UHKIIO3UB KYHJAIAHI KECHUMIIADUMHUHI KyMYJATUBIMK COHHU [} ra
OOFJIMKJIMIM YHHMBEpCAJl Xapakrepra osra Oynu0, Oupiamuu 3appa Typura,
napyajaHyB4YM SApO Macca COHMIa Ba OupiiaMud BSHeprusra OOFJIMK 3Mac.
Kymynarus 3appanap xocun Oynuimm OusiaH OoIlika 3appaiap KyIUIaMYWINTH
opacujard OOFJIAHMUUIAPHUHT TaXJWIM IIyHU KYpCATIWKH, Yyjap opacuia
OOFJIaHUILI MaBXKyJa OYnuO, y KyMYJSATUB MPOTOHJAPHUHI KyMYJISTHBIHMK
napaxkacura OOFJIMK sMac 9kaH. boikaua aifTranjga, Maskyp HKKajga »xapacH-
JAPHUHT MEXaHU3MJIapHu opacuja Xed KaHai OOFIaHUII MaBKyJ] dMac.

HNnoBanapaa xuciopona siApocUHUHT 3 Ba 4 Ta o-3appajiapra €MUPUIMII
KaHAJUTAPUHHA U30TPONHK (Ha30BUI COXANIH MOJENbh OYyiuda XucoOJaml alropuTMu
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. 12
kentupuirad. IllyHuHraek yurormnran ~C sapocHHMHT 3 Ta 0-3appa XOCHII
OYIIyBUYM KaHAJIJAry YIYIIMHA XUCOOJIAIT alTOPUTMH KEJITUPUIITAH.

XVYJIOCA

1. Mk Gop 4m-reomerpusi mapourtuaa 3.25 A I'sB/c mmmymscan Op-
TYKHaIIyBJIapuJaa MPOTOHJAp XOCWJI OVIMIIA THU3UMIM TaxXJuil KUJIUHIA Ba
KyHuJaru KOHYHUSTIAp TOMUIIIN:

® KUCJIOpPOJ AJIPOCUHUHI THHY XOJAaT CAHOK CHUCTEMAacHUJard UMMYJbCU p >
0.25 I'™B/c («Oyfnanumnn OpOTOHJApUIAH TalIKapu) Te3 MPOTOHIAp, XyCyCaH,
OJIIUTa YHWKYBUMJIAPU HMIYJbC TAKCUMOTHMHUHI IIAKIW SIAPOHUHT YUFOHUII
Jnapakacura OOFJIUK dMac;

® KHUCIOPOJ SAPOCUHUHT TUHY XOJIAT CAHOK CHCTEMAacHJard opKara y4yBYH
IPOTOHJIAP UMIYJIbC TAKCUMOTHHUHT INAKJIM SAPOHMHI YWFOHUII Japakacura
KyJa Ky4win OOFJIaHTaH;

® MPOTOHJIAp KMHETHK SHEprusicu TakcuMoTuHUHr T=70—90 M»5B coxacuna
CTPYKTypa Ky3aTWUJIMUO, YHUHT UKKH HYKJIOHJW TU3UMJIAPHUHT CEKUH MUOHJIAPHU
IOTHII OKMOATHAA EMUPWINIIUAAH KeTMO YMKUILN KYPCATUIIIN;

® [POTOHJAP XOCWJI OYIMIIMHUHI ACOCMNA MEXaHU3MIIapu — «OyFJIaHMIID,
KOJJUK SAPOHUHT (epMU-eMHUPUWIIUII Ba KacKaajiud xkKapa€HJa MPOTOHJIAPHU
TYFPUAAH-TYFPU ypuO YMKAPHUII MEXaHU3JIAPUHUHT YIYIUIApU MOC pPaBHUIIIA
27.4+0.5%, 32.0+£0.6% Ba 40.6+0.7% sKaHINTHA TONMUIIIH.

2. Nnx 60p 4n-reomerpus mapoutuaa 40 I'B/c garu n© C, 300 I'3B/c marn
p°*Ne- Ba 3.25 A T3B/c maru '°Op-TyKHauIyBIapyaa IPOTOHIAPHHHT HOPMHPOBKA
KWIMHTaH WHBAPUAHT WHKIIO3UB Nu(depeHnranl KecuMaapu TaxJIMIA acoCha
umnyibcun p>0.25 IbB/c Te3 mnNpoTOHNApHUHI, XyCyCaH, OJJAWra YUKYyBYH-
JAPUHUHT TYFUJIUII MEXaHU3MJIApU YHUBEpCaJl XYCyCHUSATra JTajiuru: OupiiaMuu
SHEprusira, OupJamMyM 3appaHUHT Ba MapyajaHyBUd €HTHWI SIAPOHUHT Typura
Xam/a sIAPOHUHT YHFOHMUII Aapa)kacura OOFJIMK SMACIIUTU KYPCaTHIIIH.

3. Uik Gop 40 I'B/c umnyascmn © C-, 300 I9B/c ummymbcnn p° Ne- Ba
3.25 A I'B/c ummymnbean °Op-TYKHaLIyBIapHaa XOCHT OYIyBUH IPOTOHIAPHUHT
KYTUIaMYMIIMK OVHrMYa TaKCUMOTJIapU aHaIUTUK TaBcu@uanau. [Ipotonnap xocui
OVIMIIMHUHT acoCuil MexaHu3miapu (OyFjIaHUII MEXaHW3MH, YUFOTHITaH
KOJIMK-SIAPOHUHT  (pepMU-eMUPWIIMII ~ MEXaHU3MH Ba Kackaj >kapaéHuia
MPOTOHJIAPHUHT TYFPUAAH-TYFPH ypUO YUKAPUII MEXaHWU3MH) HHUHT CTAaTHCTHUK
yIylIiapy aHuKIaHau Ba yiap moc pasuniga 27 + 1%, 32 + 1% Ba 41 £ 1% ra
TEHTJINTY aHUKJIaHAU. YOy yJayluiap napyajaHyBYd €HTWII SAPOHUHT SHEPTUSACH
Ba Macca COHMra OOFJIMK DMAcC/IUTY Ba YJIApHUHT Oupramuu 3appaiap (IHOH EKU
OPOTOH) TYpH, SIbHM YyJapJard BaJeHT KBapKJIap COHM OWjaH YWFyHJIMIU
kypcatuiau. Tabkunnad yrum no3uMku, Oy ynymwmap 3.25 A I'hB/c ummynbenu
"®Op-TyKHamyBnapuma Xocu1 OYIyBYM HPOTOHIAPHUHI HOPMHPOBKA KHTHHIAH
WHBAPUAHT-UHKIIO3UB JAu(depeHIman KecCuMiIapyu TaxXJIWIN acocuia aHUKJIaHTaH
KUHAMAaTJIapura TEHT.
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4. Kucnopon SApOCHMHMHI THHY XOJIAT CAaHOK CUCTEMACHIA IEUTPOHIIAP
uMIyasc TakcUMOTUHUHT 0.40<p<0.55 I1B/c coxacmma wuiak ©O0p «enka»
Ky3aTWJInMO, YHUHI HHcOaTaH Te3 NapyajJapHUHT EMUPWIMILH, KacKaaju
HYKJIOHJAQPHUHT OUPUKMIL MEXaHW3MH Ba JICUTPOHJIIAPHU MPOTOH-HUIIOH
TOMOHHUJIAH KHUCJIOPOJ ApocuaaH OeBOCHUTa YpUO UYMKAPWIMIIK Ty(palau XOCHII
OYyIUIIM  MYMKUHJIUTH TYFpucuaa xynoca KuiauHaud. Ilapuamap ypraua
KYTUIAMYMIIATH XOAMCaAa JEUTPOH MaBXKyjA OYnuimu OujlaH Koppemsiuusara ora,
JeKWH JIEWTPOH XOCWJ OYnuInl MexaHu3Mmura OOFJIMK 53Mac. bupukwuil
(koaJleclleHIIUs) MOJENU Te3 JIEUTPOH Ba oO-3appajap HUMIIYJIbC CHEKTPUHU
myBadakuaTau TaBcudIanu.

5. 3.25 A I»B/c mu '°Op-TyKHauryBaapuaa KHCIOPO SAPOCH Mapya-
JAHUIIMHUHT TaxpuOanaH onuHrad Hatwkaigapu KIIBM watmxamapu Owuian
TH3uMIIA Tap3faa comumtupwigy. KIIBM Oamoparnan gaxmwnam Oyiuya yHUHT
aKkcMOMaTHMKacura Ba M[apaMeTpiapura KUPUTWIAJUIaH acoCUM 4YeKJanuiap
aHUKJaHIUM. EHrun mapuanap Xocwi OYIMIOM TYFPUCHIATH pean KYpHUHHILHU
TaBCH(IALI yayH MOJENAA, «OYFIaHUI» MEXaHHU3MUHH (XaTTO eHrui 'O sSapocH
YUyH XaM) KacKa/JJIi HyKJIOHJIap OMPUKUIIN MEXaHU3MHHU Ba MapyajlaHyByH PO
O-KJIAacTepiau CTPYKTYpacMHHM XaM XucoOra onum 3apyp. byHaan Tamkapw,
napyajaHyBYH sIIPOHUHT Oypuyak MOMEHTUHH XaM XHcOoOra OJIUII KEpak.

6. '°Op-peakuisuIapHHHHT Xap XM TONOJOTHK KaHAIIApHAa O-3appajap
XOCWJl OVIMIIM XamjJa YJIapHUHT HUMITYJIbC Ba Oypyak TaKCUMOTIApPH TaIKUK
KWIMHIU. O-3appajlap XOCWJI OVIHIIWra OpajiuK HOTYPFYH sIApOJIap *Be, °B Ba
yitrotinran  °C SIpONApHMHI  KYIIraH XWMCCACHHH aHHKIA0  GepyBun
(GheHOMEHONIOTUK MoJe/ulap HWnuiad 4YMKWiIAuW Ba cuHA® Kypwinu. Hatmxana
KyHuaaru KOHYHHATIAP TONUIIIM:

® KHUCJOpOJA SAPOJAPUHMHI KYN Tapyajapra €MHUpWIUII KaHaulapu HYKJa
YCTYBOpPH TeIUW sIpoJiapu XOCWI Oymaauran Tomojorusuiap Oynu0, Oy
SAIPOJAPHUHT ACOCUM KUCMH HOTYPFYH sApOJIap — °Li, *Be, ’B Ba YHAFOTUIITAH 2c”
SAIPOJIAPUHUHT EeMUPUITUIIIAPU OKMOAaTHAa coaup Oynaau;

e 3 Ba4 Taa-3appauya Xocui1 Oynaaurad KaHauiap/ia opaivkK HOTYPFYH posap
*Be, ’B eMupraniy GHiaH GOFINK KOUTMHEAPIHK KY3aTHILIN;

e ik Gop HoTypFyH saponap — "Li, *Be, ’B Ba yitrorunran °C sapoapuHUHT
o-3appadasiap XOCHJI OYJIMII MHKIIIO3UB KYHAAJIAHT KECUMHUIa OepaJural Xuccajaapu
MUKJIOPH JKUXaTAaH TOIMWIIAN;

e 3 Ta g-3appauya XOCHI OYIyBuM KaHAWIapHHHr 38+3% yitrormiran ~C*
SAIPOJAPUHUHT EMUPHIMIIKIAAH coaup OVynanu, KoJraHu (epMU-eMUpPUIHIT Ba
IPOTOH HUIIOH TOMOHHUJAH yuTa o-3appara sra OyiraH KOJAUK-sapojaH Ourta o-
KJIACTEPHU KBA3UAJIACTUK YPUO YUKAPUILI HATHKACUA amMalira OIlajIu;

e MapyajaHyBuYW KOJJAMK sSApojaa Oypyak MOMEHTH MaBxkyxa O0ymu0, Oy s dekr
€HI'WJI TapyaJiaH OFUp napyara yTraHja Kydasiu.

7. Wik 6op 3.25 A I'sB/c nmnysemn °Op-TykHaryBiapuia 3apsmd | 1aH 8
raya OyiraH TYpFyH Ba HOTYPFYH M30TOIUIAPHUHI KYHAAQJIAHT KecUMIIapu
tonunaau. Macca connapu acocuit macca coHu (A=27Z) nman AA=+1 ra d¢apx
KWIyBYM TYpPFYyH Ba HOTYPFYH M30TOILIAp KYHIAIAHT KECUMJIAPUHUHT Oup-Oupura
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TEHIVIMTM KypcaTWIAHM. XaTOJWKIAp 4Yerapacuaa HOTYPFYH Ba TYpPFYH Ky3ry
n3ororiap B Ba’Be, ydyH YHKHII KYHIAIAHT KECHMIAPH OHp XHIL.

8. Mk Gop 3.25 A I'sB/c umnynscin °Op-, 4.2 u 9.9 T3B/c ummymnbcin
p'*C-, 40 I'B/c ummynscan © °C-, 300 IB/c mvmymbenu p°'Ne-, 4.2 A I'sBle
uMiynbsean o “C- Ba C'°C-y3apo TabcHpIapuaa KyMyJSITHB MPOTOHIAP XOCHI
OYIMIIM TaJKUK KUJIMHIY Ba KyHUJard KOHYHUATIAP aHUKIaH/IN:

® KyMYJSTHB TPOTOHJIAP MHKIIO3UB-UHBAPUAHT CTPYKTypaBUi (yHKIUS-
JApPUHUHT KyMYJISTHBIUK cOHU (P) OVilMua TaKCUMOTHMHHHI KHSUIMK TapaMeTpu
yHUBEpcaJl Xapakrepra sra Oynu0O, OupiamMuu 3appa Ba HUIIOH Typura Xamja
OupramMuu 3Heprusira OOFJIMK 3Mac (IAPOBUM “‘CKEHINHT”);

® KyMYJSTHB NPOTOHJIAPHUHI YpTaua COHU OepuiiraH sApO Y4YyH CHapsij
Typura Ba OupiiaMuu 3Heprusira OOFJIMK 3Mac. by sca KymMyJTUB MPOTOHIAPHUHT
XOCHJI OYIuIIM OMpiaMuu 3appajlapHUHT KYMHYKIOHIN Oupiammanap ((hayKToH-
Jap) OwiaH TYKHAIIyBM HATHXKAacHUllda «COBYK» MOJIeJb CIEHapHUiicura acocaH
XocuJl OynumuHu kypcaraad. KyMmyiasTuB mpotoniap xocusl OYiyBUM Xoaucanap
yiym Oepuiirad spo y4yH CHapsia mMaccacura (HyKJIOH €KH siIpo) Ba OupiamMuu
sHeprusara OofiuK sMac. by aca KyMyJnsiTUB NMPOTOHJAPHUHT «COBYK» MOJEIb
OalopaT acocuaa By Kyra KeJIUIIMHA KYpcaTyBYM UIIOHWIHM JATUILAND.

KyMynsaTuB mnpoToHnap Ba HMKKWIAMYM 3appa Xamja [apyaigap XOCHII
OYIMILIMHUHT MEXaHU3MJIApU Oopacuia OOFJIaHUII MaBXYy[ dMac.

9. Earun simponap xocuia Oynuin MexaHusmiapu Oup-Oupura OOFIHK dMac.
Taxxpubana ky3zatwiran 6apua y3apo OOFIHUKIUKIAP SHEPTUSI-UMITYJIbC, OapUOH Ba
ANEKTP 3apsNIAPUHUHT CAKJIAHMIL KOHYHJIApY aMajl KWJIMHUIINIAH 03ara KejaaaH.

Enrun siaponap napyanaHuinyd OMpiIaMyu SHEPTUSHUHI KEHI JUana3oHuja
TU3UMIIA Ba KEHI KaMpOBJIM XaMmjJa Oup XWJ MeToJuMKa €paaMuja TaaKUKOT
KWIMHIU. JluccepTanys HaTHO KAJIADUHUHT aKCapusiTU OMPUHYM MapTa OJIMHAM Ba
ylap IOKOPU DSHEPrusid SAPOBUM TYKHAUIyBjiapJa NapyaJaHyBuM sapoJiap
CTPYKTypaJIapuHU Ba XyCYCUSATIAPUHU YyKyp TyUIyHHUIITa Epam Oepaau.

3.25 A I'»B/c umnynbeiii KUCIOPO/ SIAPOTAPUHUHT MPOTOHIAp OuiIaH y3apo
TabCUPJAIIMIUIAPUAATH MapYalTaHUII jKapaéHIapUHU KEHI TaJAKUK KHJIUII Xam/a
3-300 B osmeprust opamukmapuzarn 7w ,p,a,C(C)- Ba p('°0,*’Ne)-TyKnaurys-
Japujia MPOTOHJIAP XOCHI OVIMIITHUHAT aCOCUN MEXaHU3MIIAPUHU aHUKJIAIl OYirya
JUCCEpTAIMs UINK/IA KYyHUITan 0apya Macananap TYJIUK Xall dTHITaH.

Jluccepranysi WINMHUHT HATHXKajJapy FOKOPH SHEPTUsUId aApOH- Ba SApO-
AIpO TYKHAIIyBJIapuaa SApodap MNapyalaHUIIA MyaMMoJlapura €EHAallyBYu
Ha3apuil MOJEJUIApHU TEKIIMPHILNTa WUMKOH OepyBuM KeHT (DaKTHK MarepHuaira
ara. bynap y3apo Ky4iau TabCUp Ha3apUsACUHU SPATHUILTa, HOHIU TE3JIaTTUY-JIapaa
SHTY TaXpuOanap YTKa3uIll Ba yJIapHU pexaiama KyUTaHUIUIIH MyMKHUH.

Kucnopon sSApOCMHUHT NPOTOHJIAp OWJIaH TYKHAIIyBIapuaard TYpFyH Ba
HOTYPFYH SIIpoJiap XOCHJI OVIMIIMHUHT KYHJAJaHT KEeCUMJIApU TYFPUCUIATH
MabJIyMOTJIapAaH KOCMO(MU3UK Ba KOCMOXMMHK TAaJIKUKOTJIApJa SAPOBUI CHHTE3
XOJIMCATApUHUHT PYH Oepull xkapaCHIIapUHU Ba XYCYCHUATIAPUHM YpraHuiiiga
doiimanaHuI MyMKHH.
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HAYYHBIN COBET no IPUCYKJIEHUIO YYEHON CTENIEHU _
JOKTOPA HAYK 16.07.2013.FM.11.01 npu THCTUTYTE AAEPHOU
OU3UKU n HAIIMOHAJIBHOM YHUBEPCUTETE Y3BEKUCTAHA

UHCTUTYT AAEPHOU ®U3UKHU

BA3APOB 3PKHUH XO/’KUEBUY

IMPOLIECCBHI ®PATMEHTALIUM SIIEP KUCJIOPOJA BO
B3AMMOJIEMCTBHMSIX C IPOTOHAMM I1PH 3.25 A I'3B/c
1 MEXAHW3MbI OBPA30BAHUS ITIPOTOHOB B n,p,a,C(C)-
U p(*°0,’Ne)-COYTAPEHUSX ITPU 3-300 B

01.04.08 - ®DU3NKA ATOMHOT O AAPA U DJIEMEHTAPHBIX YACTHUILL.
YCKOPUTEJIbHAA TEXHUKA

(pu3nko-MaTeMaTHYECKHE HAYKH)

ABTOPE®EPAT JJOKTOPCKOM TUCCEPTAIIUHA

Tamkent — 2015



Tema JAOKTOPCKOM AUCCePTALUU 3aperucTpMpoBaHa noz HOMEPOM
30.09.2014/B2014.5.FM156 B Bbicmeii arrecranMoHHON kKomuccuu mnpu KaOunere
MunuctpoB PecnyOsiuku Y30ekucran

JlokTopckas nucceptanus BbinoHeHa B duzuko-rexuuyeckom uncturyte HIIO «Duszuka-
Comnane» u MHCTUTYTE SimEpHON (DU3UKH.

[TonHBIN TEKCT AOKTOPCKOM AMCCepTalMy pa3MmelleH Ha BeO-crtpanuie Haydnoro cosera
16.07.2013.FM.11.01 nmpu HWucTHTyTEe snmepHOW ¢u3nMkn u HarmoHalIbHOM YHUBEpPCUTETE
VY36ekucrana 1o agpecy www.inp.uz.

ABTopedepaT auccepTaui Ha TpeX sA3bIKax (y30€KCKUM, PYyCCKUH, aHTIMHCKHI) pa3MeIleH
Ha BEO-CTpaHHUIE MO agpecy Www.inp.uz U Ha HWH(POPMALMOHHO-00pA30BATEIbHOM IOpTae
ZIYONET mo anpecy www.ziyonet.uz.

Hay4HbIii KOHCYJIBTAHT: I0apames bex3on CaagukoBuy
TOKTOpP (PpU3UKO-MaTeMaTHYeCKUX HayK, mpodeccop,
akaJeMuK AkaneMun Hayk PecnyOnuku Y30ekucran

O¢uunanbHbie ONMOHEHTHI: Jlennnuku Puxapa
TOKTOP (PU3UKO-MATEeMAaTHIECKUX HAYK, Podeccop
Bypretaes HacypJiia
JOKTOP (PU3UKO-MATeMaTUIECKUX HayK, Ipodeccop
AptemoB Cepreii BuktopoBu4
JOKTOP (PU3UKO-MATEeMAaTUIECKUX HAYK

Benymasi opranmsanus: Hay4Ho-ucciienoBaTe/ibCKMid HHCTUTYT
npukiaagHoi ¢pusuku npu HannonaabHom
YHUBepcHuTeTe Y30eKucrana

3amura JUCCepTALMU COCTOUTCS  « » 2015 r. B YacoB Ha
3acenanun Hayunoro cosera 16.07.2013.FM.11.01 npu MWuctuTyTe snepHod (UMK u
HanuonaneHoM yHuBepcurete Y30ekucrana no ajapecy: 100214, r. TamxkeHT, nocenok Yiyroexk,
UAD; ten.: (+99871)150-30-70; dakc: (+99871)150-30-80; e-mail: info@inp.uz.

JlokTopckasi auccepranus 3aperucTpupoBaHa B MH(OpManMoHHO-peCypcHOM —LIEHTpe
Wucturyta sinepHoit ¢puzukm 3a Ne , ¢ KoTopoil MoxxHO o3HakoMuThes B UPIL (100214, r.
Tamkent, nocenok Ynyroek, UAD; ten. (+99871) 289-31-19).

ABTOpedepaT auccepTanuu pa3ociaH « » 2015 r.
(mpotokoun paccbuiku Ne oT 2015 1.).

Y.C. Cannxbaen
IMpencenarens HaygHoro coBera 1o MpHCYKIACHUIO
YYEHO# CTeneHH JOKTOpa HayK, 1.(.-M.H., Ipodeccop

P. sipmyxamenoB
VYueHslii cekperaps HayuyHOro cosera 1o npucyXIeHU0
YYEHOM CTENeHU JOKTOpa HayK, 1.¢.-M.H., Ipodeccop

H. Xuaupos

[Ipencenarens HAy4YHOTO CeMHUHApa

npu HayuHoM coBeTe 1o MpUCYXICHUIO YIEHOMN
CTETICHHU JOKTOpa Hayk, 1.(].-M.H., podeccop
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AHHOTALMSA JOKTOPCKOI TUCCEPTALIMM

AKTYaJIbHOCTh W BOCTPEOOBAHHOCTH TeMbl Auccepranuu. OmHOW U3
(yHIaMEHTAJIbHBIX MpoOJeM B 00JIACTH PEISTUBUCTCKOM siiepHON  (HU3UKHU
SIBJISIETCSl YCTAHOBJIEHHE 3aKOHOMEPHOCTEH (pparMEeHTaluu PENATUBUCTCKUX SIEP
BO B3aUMOJICUCTBUAX C aJApOHAMHU U spaMu. BaxkHyI0 poib IIpU 3TOM HIPArOT
HKCHEPUMEHTANIbHbIE U  (PEHOMEHOJIOTUYECKUE  HCCIEIOBAaHUS  IPOLIECCOB
(dparmMeHTalMM PEIATUBUCTCKUX SACP B aJPOH- U SAPO-SJEPHBIX COYAApPEHMSIX,
YTO TMO3BOJISIET TMOJYYUTh BaXHYI0 HHGOPMALMIO O KIACTEPHOM CTPYKType
(ocobeHHO Jerkux) (QparMeHTUPYIOIIUX SAEp, €€ BIUSHUU Ha CEUYCHHUE
00pa3oBaHUs U COCTaB (PParMeHTOB, a TAKXKE O BKJIAJaX Pa3IUYHbIX MEXaHU3MOB B
ux QopmupoBanuu. IIpu 3HEpPruUsX CTOJIKHOBEHUS B HECKOJIBKO I'9B Ha HYyKIIOH B
AJIEPHBIX COYNAPEHUSAX TOMUHUPYIOIIUM IIPOLECCOM SIBISIETCS (PparMeHTanus
A5ep, BKJIAJ KOTOpOM cocTaBisieT 0KOJIo 80% OT MOJHOrO CEYeHUs PEAKLHH.
OcoOblii WHTEpeC NpH O3TOM NPEACTABISAECT SKCHEPUMEHTAIILHOE HW3YUYEHUE
npoLeccoB (parMEeHTALMK JIETKUX PEISITUBUCTCKUX YETHO-YETHBIX fAJIEp, TAKUX
kak °C, '°O u *’Ne Bo B3auMOAEHCTBUAX C aJpPOHAMM M SIPAMH, TIOCKOIBKY B
ITHUX sIpax 0XKUAACTCS JOMUHUPYIOLIEE MPOSABICHUE 0-KJIACTEPHON CTPYKTYPHI.

Jlo cux mop HET OJHO3HAYHOIO OTBETa Ha BONPOC O TOM, KaKoBa O-
KJIACTEpHAs CTPYKTypa — CTAllMOHAPHAs WM JTUHAMUAYECKAsl, TPOSBIISIIOLIASACS IPU
OTIpE/ICNICHHBIX YPOBHAX BO30YXACHUS (PParMEHTHPYIOIIETO JIETKOTO, OCOOCHHO
YETHO-YETHOrO siApa. D(PGPEKTHUBHBIM CIOCOOOM MPOBEPKU  O-KIACTEPHOMU
CTPYKTYpPbI ()parMEHTUPYIOLLETO siApa SABISIETCS U3yYeHHE 0O0pa30BAHMS O-HACTHI]
IIPU pa3HbIX YPOBHAX BO30YKIEHUS sIpa-CHAPAA.

OmnpeneneHHbli UHTEPEC MPEICTaBISIET TakKe OOHAPYKEHHE CUIBHOKOP-
pPENMPOBAHHBIX MAJOHYKJIOHHBIX aCCOUMALUMNA U MYJIbTHOAPUOHHBIX COCTOSIHUI B
AqIpax, BO3MOKHOE CYIIECTBOBAHME KOTOPBIX MPEACKA3BIBAIIOCH PSAIOM MOJEIEH,
OCHOBAHHBIX Ha KBAPK-MAPTOHHOM CTPYKType aapoHOB. Pemenue 3Toi 3amaum
HEIOCPEJICTBEHHO CBSI3aHO C JCTAJBHBIM JKCIEPHUMEHTAIBHBIM HCCIEIOBAaHUEM
IPOLECCOB (POPMHUPOBAHUS YACTUL[ B KMHEMAaTUYECKOW OOJACTH, 3alpelieHHON
JUI 4acTHLl, POJUBLIMXCS B CTOJIKHOBEHHSAX CBOOOJHBIX HYKJIOHOB, B aJpOH- U
AIPO-AIEPHBIX COYJaPEHUAX IPU BBICOKUX DHEPIHUsX.

B CBA3M ¢ M3J0KEHHBIM AaKTYaJIbHO IIPOBEJCHUE CHCTEMATUYECKOIO U
KOMIUIEKCHOTO M3y4yeHHUs (parMeHTauuu saep C HAeHTU(UKaued Bcex
BO3MOXXHBIX (PParMEHTOB M BTOPUYHBIX POXKICHHBIX YaCTHI], MPELU3UOHHBIM
U3MEPEHUEM M OIPEIECICHUEM UX KHHEMATHYECKHX XapaKTEPUCTHUK B HIMPOKOM
JMana3oHe MEPBUYHBIX HHEPIrUid M MACCOBBIX YHCEN CTAJIKHBAIOLIUXCS AJEep Ha
CTaTUCTUYECKU OOJIBIIOM SKCIEPUMEHTAIBHOM MaTe€puaie, YTO IO03BOJUT
BBISIBUTH HOBbIE 3aKOHOMEPHOCTHU (pparMeHTauu saep.

BocTpeOoBaHHBIM  SIBISIETCSI TOJIYYEHHE NPELM3MOHHBIX JAHHBIX 110
CeYeHHUsIM 00pa3OBaHMs BCEX BO3MOXHBIX HM30TONOB (parMEeHTHPYIOLIUX SAep,
HEOOXOIUMBIX JUIsl pa3pabOTKM M TECTHUPOBAHUS TEOPETUUYECKUX MOJEIed u
HOJXOJOB K OIHMCAHUIO sIBJIEHUS (QparMeHTaluu sjep, a Takke s
MOJEIIMPOBaHUS B3aUMOJECHCTBHSI TNEPBUYHOIO KOCMHMYECKOTO M3JIY4YEHUS C
aapamMu atMocdepbl. Kpome 3TOro, 3KCHEpHMEHTAIbHBIE JaHHBIE O CPEIHHUX
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MHOYKECTBEHHOCTSIX (MHKJIIO3MBHBIX CEUCHHUSX) JIETKUX (DPAarMEHTOB — MPOTOHOB,
JNEUTPOHOB, fANep TPUTUS U Teausi-3, 0Opa30BaHHBIX BO B3aAUMOJCHCTBUSIX
PENSATUBUCTCKUX SIIEP C BOJIOPOJIOM, KpaitHE BOCTPEOOBAHBI IS OJTHON U3 BaXKHBIX
npobieM acTpo@U3UKU — MPOXOKACHHUS MOTOKOB YACTHUI[ YEpE3 MEXK3BE3THYIO
cpeny.

CooTBeTCTBHE HCCIET0BAHUSA NMPUOPUTETHBIM HANPABJEHUSAM Pa3BUTHUA
HAayKH U TexHojgoruid PecnyOamkm Y30ekucran. [[uccepranysi BBINOJIHEHA B
COOTBETCTBUM ¢  ['OCymapCTBEHHOW  HAyYHO-TEXHUYECKOW  IPOrpaMMoOun
dbyHaaMeHTanbHBIX uccienoBanuit [IOU-2 — «Dusuka, acTpoOHOMUS, SHEPreTUKA U
MaIllMHOCTPOEHUEY.

0030p MexKAYHAPOAHBIX HAYYHBIX HCCJEAOBAHUI 1O TeMe QMCCePTALUM.
HccnenoBanusi mpoleccoB (PparMeHTAllMd PEISTUBUCTCKUX JIETKUX sAlep |
MEXaHU3MOB O0Opa30BaHUsI MPOTOHOB, B TOM YMCIE KYMYJSATHUBHBIX M JIETKHUX
dbparmenToB npoBoAsaTcsS B OOBEAMHEHHOM WHCTHUTYTE SIICPHBIX HCCIICIOBAHUMH,
®usnyeckom wuHctutyTe uM. ILL.H.JlebeneBa wm PanueBoM uHCTUTYTE UM.
B.I'' Xnonuna Poccuiickoit Axanemun Hayk (Poccus), Jlopenu-bepkiaueBckoi
naboparopuun  Kamudopnuiickoro  yHuBepcutrera u  otAene  DOusuku
Bammnrronckoro  ynuBepcutera  (CIIIA), T'epmanckom  DenepambHOM
MUHUCTEPCTBE IO HCClIeoBaHUsAM U TexHosorusm (I'epmanust), B otaene Ousznku
Jlynnckoro ynuBepcutera (IlIBenus), MHcTtutyTe sKCriepuMeHTanbHON (U3UKU
CrnoBakckoil Akanemun Hayk (ClioBakusi) U JpYTrUX HAyYHBIX IIEHTPAX, BXOASIINX
B coctaB MexayHapoaubix komutaboparuiit EMUO1 u EMUO2.

Mexnynaponubim corpyaanuectBoM BECQUEREL, co3mannbiM Ha 6ase
Hyxnotpona JlaGoparopun BbicOkux 3Hepruit OObeIMHEHHOTO WHCTUTYTA SIep-
HBIX HCCIIEIOBAHUM, ONPEIEIECHbl KJIaCTEpHbIE CTPYKTYPHI JIeTKUX snep (A=6—12)
¥ YCTaHOBJICHA MX 3aBUCHMOCTh OT MAacCOBOTO YHCIa (PparMeHTUPYIOIIETO sApa U
YETHOCTU WM HEUYETHOCTHM YHUCIA MPOTOHOB M HEUTPOHOB B HUX. YUYEHBIMU
Jlopenn-bepknueBckoii nadoparopuu Kanudopuuiickoro ynusepcurera CIIIA Bo
B3aMMOJEHCTBUSAX BBICOKODHEPrUUHbIX Jerkux siaep o, °C, '*N u '°0 ¢ nerxumu u
TSOKEBIMUA JIpaMU ONpEeJEeeHbl cedeHus: 00pa30BaHMs M30TOIOB, BBUIETAIOIIMX
nox yrimamu 0<0.72°. MexayHapoaHeiMu Koiutabopanusmu EMUO1 u EMU02
pPOBEpEHa THUIIOTE3a MpeNeIbHON (parMeHTalMi W OLEHEHO KPUTUYECKOe
3HaUYEHUE TUIOTHOCTH SHEPIrHH JUIsl peanu3anuu (a3oBOro nepexoia «KUIKOCThb-
ra3» B JICPHON MAaTEpUH.

[IpoBeneHHbI 0030p MEXIyHApOIHBIX HAYUYHBIX HMCCIEIOBAHUN TOKa3al,
YTO TMOJIYYEHO OYE€Hb MAJIO IKCIEPUMEHTAIBHOU HWH(POPMAIIUU TI0 MPUOPUTETHHIM
MHUPOBBIM HAIIPABICHUSM B 00JIACTH PENSITUBUCTCKOM SIIEPHON (PU3UKHU: YCTaHOB-
JeHUe OOIMX 3aKOHOMEPHOCTEH mMpoliecca (GpparMeHTaluu Sifep; yCTaHOBIICHUE
MEXaHU3MOB 00pa30BaHMs MIPOTOHOB B SJIEPHBIX COyAapeHHsX. B dacTHOCTH, HE
OTIPEJICIICHB CEUYCHHS O0pa30oBaHUs CTAOWIBHBIX M HECTAOMIBHBIX H30TOIMOB, a
TaK)Ke BKJIAJBI TIPOMEKYTOYHBIX HECTAOMJIBHBIX SIICP B CEUCHHE OOpa30BaHUS -
yactull. Kpome TOro, He wucCCIeOBAaHO BIUSAHUE UCXOJHOU (KJIACTEPHOM)
CTPYKTYpbl (PparMEHTUPYIOIIETO s/ipa Ha BBIXOJ W COCTAaB HM30TOMOB U HE
OIpe/eIeHbl BKJIA/Ibl OCHOBHBIX MEXaHU3MOB 00pa30BaHus MPOTOHOB, B TOM YHCIIE
npUpoAa MPOUCXOKACHUS (T€HE3HC) KYMYJISITUBHBIX POTOHOB.
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Crenenb u3ydeHHOCTH NpolOaembl. K HacTosiieMy BpeMeHU BEAyIIMMHU
YYCHBIMA MHpa  BBIMOJHEH OONBIION 00BEM  OKCIEPUMEHTAIBHBIX U
TEOPETUYECKUX HCCIIEIOBAHUN MPOLECCOB MHOKECTBEHHOW T'€HEpalud YacTHIl U
dbparMeHTaluy PEISTUBUCTCKUX SJIEp BO B3aUMOJACHCTBHUSIX C aJpoOHaAMU U
sapamu. [lo ucciegyemoil B auccepTallMOHHOW paboTe MpoOJieMe BBHITOJHEHBI
CJIeIYIOIIME IKCIIEPUMEHTATbHBIE UCCIEAOBAHUS.

B pa6orax AszumoBa C.A., FOnmamesa b.C., Jlyrmymnaea C.JI., a Takxke
mBeackux ydeHsiX (Andersson B., Otterlund 1., Stenlund E.) Gbumn u3ydensl
o0pa3oBaHMsI TPOTOHOB B aJIPOH-SIIEPHBIX COYAAPEHUAX MPHU BBICOKUX IHEPTHUSX.
OnHako MOJy4eHHBbIE pe3ysibTaThl HE JaId MM BO3MOXKHOCTHU JIE€TAJILHO
UCCJIEIOBATh U YCTAHOBUTH MEXaHU3MBI 00pa30BaHUs TPOTOHOB.

Poccuiickumu yuenbimu (3apyoun I1.M., PycakoBa B., Ilepecampko H.I'.,
ApremenkoB J[.A. u 1p.) HHTEHCHUBHO BEAYTCS HCCIEIOBaHUSI KIIACTEPHOU
CTPYKTYpbl JIETKUX siiep B HUX HOepUPEpPUUYECKUX COYAAPCHUSIX C sJpaMu
doroomynscun. Ho MM He yaamoch OmpenenuTh CeYeHHs OOpa3oBaHUs BCEX
BO3MOKHBIX HM30TOMOB, 00pa3yronumxcsi npu ¢parMeHTaluu sSaep U YCTAaHOBUTH
MEXaHU3MbI hparMeHTalUH SIIEP.

Awmepukanckue yuensle (Heckman H.H., Greiner D.E., Lindstrom P.J. u ap.)
MPOBOIMIIH HCCIICIOBAHNS 00PA30BAHMS PA3INIHBIX H30TOMOB JErKuX siuep o, °C,
"N u '°O Bo B3aumozeiicTBusSIX C ApaMu 9Be, 12C, 27Al, 64Cu, 1OgAg u 2Pb npu
BBICOKMX OJHEPrusix OJJEKTPOHHBIM METOJOM TIOJl MaJlbIMU yTJaMu BbLIETa
dbparmenToB. OrpaHUYEHHOCTh OXBaTa yriia BbUIETa (PAarMEHTOB HE MO3BOJIMAJIA
UM OIPEJCIHUTh IOJHBIE CEYEHHUS BBIXOJA JTUX HM30TOMOB U OoJjiee HAACKHO
YCTaHOBUTH MEXaHU3MBbI X 00pa30BaHUsI.

OOpa3oBaHue KyMYyJIATHUBHBIX TPOTOHOB B aJpOH- U SAPO-SACPHBIX
COYJIapEHUSIX TIPU BBICOKUX DHEPTUSX HCCIEI0BAIOCh POCCUUCKUMH YUYEHBIMU
Jlekcunbim I'.A., BbawkoBsiM FO.A., JlroOumoBeiM B.b., Apmytnuiickum /1.,
banguaeiM A.M. u npyrumu. OIHAKO HECUCTEMATU3UPOBAHHOCTH JKCIIEPUMEH-
TaJbHBIX JAHHBIX U UX CKYJHOCTb HE TMO3BOJWJIM UM YCTaHOBUTH MEXAHU3MBbI
o0pa3oBaHus KyMYJSITUBHBIX MPOTOHOB B SIICPHBIX COYAApPEHUSX MPU BBICOKUX
sHeprusix. Ocranack HE pEIHIEHHON MpobJieMa MPOUCXOXKICHUSI KyMYJISTUBHBIX
MIPOTOHOB B APOH-SACPHBIX COYAAPEHUAX IPHU BICOKUX YHEPTHUSX.

Haubonee Onu3koil k uccieayeMoi mpoOieme sBISETCS AUCCEepTalMOHHAs
pabotra OnumoBa K., B KOTOpoW MoyydeHbl OOIIHME XapaKTEPUCTHKHU Ipoliecca
dbparMeHTanMK AIep KUCIOPOJia BO B3aUMOJEHCTBUAX C MPOTOHaMu Tipu 3.25 A
IB/c; n3y4yeHsl MHOKECTBEHHOCTH OJTHO- U MHOTO3apS/IHbIX (PparMeHTOB 0€3 MX
pa3zelieHus 0 MaccaM; ONpPEIeNICHbl CEUYEHHs TOTOJIOTMYECKUX KaHAJIOB pa3Baia
Aqep KUCIOPOJa; MOJTYyYeHO yKa3aHHe Ha TO, YTO IKCIEPUMEHTAIBHO HabIo/mae-
MbIE€ Y3KHE€ YIJIOBbIE KOpPEISLUU MEXKIYy TMapod o-4acTull MOTYT ObITh
00YCIIOBIICHbI POXICHHSAMH U PacliafaMi HeCTaOMIbHBIX siaep Be u °B, 0mXHAKO
WX KOJIMYECTBEHHBIC BKJIAJIBI B C€UCHUE OOpa30BaHUS O-YACTHUI[ HE OBLIN OTMpe-
JIEJIeHbl; ONpEeIeJIeH U30TOMHBIA cOcTaB ()parMeHTOB C 3apsiAoM OT 1 10 7, HO He
U3MEpPEHbl UX ceueHus oOpa3oBaHusa. OcTanoch HE HU3YYEHHBIM OOpa3zoBaHUE
IIPOTOHOB, B TOM UHCJIE KYMYJSITHBHBIX, H APYTHX JIETKHX (BparMeHToB B '°Op-
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coynmapenusx npu 3.25 4 I'vB/c. He uccnenoBan Takke pasBai saep KHCIOPOIa
py uX NepUPEPUIECKUX COyAAPEHUIX C TPOTOHAMMU.

CBsi3b JIHCCEPTAIIMOHHOIO WCCJEIOBAHHUA ¢ IUIAHAMH HAY4YHO-
HCCJIeI0BATELCKUX PadoT OTpa)keHa B CIEAYIOLIUX MPOEKTaX, BHITOJIHEHHBIX B
pamkax ['ocynapCcTBEHHOM Hay4HO-TEXHMYECKOW MporpamMmbl (PyHIaMEHTaIbHBIX
HUCCIIEIOBAHMM:

2d-1.2.1.“UccnenoBanue MEXaHU3MOB (DparMeHTAIIUU PEISATUBUCTCKUX SIEP
KHCJIOPOJIa BO B3aMMOICUCTBUSAX ¢ HykJoHaMmu™ (2000—-2002);

®-2.1.26 “HccnenoBaHue MpoOLECCOB MHOXKECTBEHHOW T'€HEpalUu YacTHIl,
dbparMeHTaKu U COCTOSIHUM SIIEPHONU MaTEepUH B CTOJIKHOBEHHUSAX aJIPOHOB U sJIEP
BBICOKHX 3Hepruii ¢ siapamu’ (2003-2007);

O2-D029 “UccrnenoBanne CTPYKTYphbl AIEPHONM MaTEPUU U KOJUIEKTUBHBIX
3G PeKTOoB BO B3aUMOJCUCTBUAX AAPOHOB M SAEP C SAPAaMH TPU BBICOKHX
suHeprusx’” (2007-2011).

Heabio uccienoBaHus SIBISIETCS MOJyYEHUE JOCTATOUYHO MOJHOM SKCIEPH-
MEHTaJIbHOM HH(OpManUU O Tmpoleccax ¢GparMeHTaluu sAep KUCIOpOAa BO
B3aUMOJICHCTBUSAX ¢ mpoToHamu npu 3.25 A IPB/c u ycTaHOBIEHHWE OCHOBHBIX
MEXaHU3MOB 00pa3oBaHUs MPOTOHOB, B TOM YHUCJIE€ KyMYJISTUBHBIX, B 7T ,p,d,C(C)-
1 p(*°0,*’Ne)-coynapennsix B HHTepBale HepBHIHBIX dHEpruii 3—300 I3B.

Jdns  goctwkeHus  1end  cOPMYJIMPOBAHBI  CJIEAYIOIIHE  3aJa4vM
HCCJICAOBAHMSA:

YCOBEPIIIEHCTBOBAHKWE  MPOLEAYPHl  HACHTU(PUKALUA  MPOTOHOB |
MOJIOKUTENIbHBIX THUOHOB [UJISl TOJYYEHHS] NPEIU3HOHHBIX JAHHBIX IO HX
MHOXECTBEHHOCTSIM M KHUHEMAaTUYECKUM (YIJIOBBIM M HUMIIYJIbCHBIM) XapakTe-
pHUCTHKaM;

YYeT MOTEePU Pa3IUUYHBIX TUIIOB YACTHUIl ¢ KOPOTKUMHU npoderamu (L<4 cm) B
paboyel )KUIKOCTH 2-METPOBOM MTPOIIAHOBOM ITy3bIPbKOBOM KaMepBHI;

BBIICIICHUE OTJCIBHBIX KJIACCOB HEYNPYTHX B3aWMOJEHCTBUN B aHCAMOJISIX
p(CsHg)-coynapenuit npu 4.2 u 9.9 I3B/c, n (CsHg)-B3aumoneiictuii npu 40
[%B/c, p(NeH,)-cronknoenuir mnpu 300 I9B/c, o(CsHg)- u C(C;Hg)-
B3aumozercTeuil npu 4.2 A I'B/c;

aHaJIM3 MHOXXECTBEHHOCTH M UMITYJIbCHBIX CIIEKTPOB MPOTOHOB-(PPArMEHTOB
B 7 ,p,0,C(C)- u p(*°0,’Ne)-coynapeHnsix u OmpenencHHe BKIALOB OCHOBHBIX
MEXaHU3MOB 00pa30BaHUs MPOTOHOB;

MCCJICIOBAHUE U YCTAaHOBJICHUE 3aKOHOMEPHOCTEH 00pa3oBaHUs JIETKUX SIIEP
¢ MaccoBbIMH unciamu A=2 u 4 B '°Op-coynapenusix mpu 3.25 A IB/c;

U3ydeHHUEe O00pa3oBaHUsl (-4aCTHUIl, pa3paboTka (EHOMEHOIOTUYECKHUX
MoOJIeTIel OTpe/ieNieHrs BKJIAJ0B HECTAOWIBHBIX sEP *Be u 'B u B030YKJIEHHBIX
sxep yriepona-12 B MHKIIO3MBHOE cedeHHe oOpasoBaHus suep renms-4 B ' Op-
coyaapenusix npu 3.25 A I'3B/c;

HKCHEPUMEHTAJILHOE ONPEACIICHUE CEYEHUM O0Opa3oBaHUsI CTAOWIBHBIX U
HECTaOUJIbHBIX U30TOMOB C 3apsiaamMu 1—8 B 16Op—coy):[apeHI/I;Ix mpu 3.25 A I'@B/c;

JIeTaJTbHOE HCCIIeIOBaHNE O0Opa30BaHUsl KyMYJISITUBHBIX IMPOTOHOB BO
B3aMMOJICHCTBUSIX T -ME30HOB, MPOTOHOB, smep 'He u °C ¢ sgpamMu yriepoaa u
IPOTOHOB C fApaMH HEOHAa U KHUCIOpPOJa TMpPH BBICOKHX DSHEPruax s
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OOHApY>KEHUSI CHWILHOKOPPEJIUPOBAHHBIX MAJIIOHYKJIOHHBIX  accolMaluid U
MYJIbTUOAPUOHHBIX COCTOSIHUN B SIApPAX.

O0beKkTOM MCCJIeIOBAHNUSL SIBIIIOTCSA SIICPHBIE TMPOLIECCHI, BBI3BAHHbBIC
aZpOHaMH U SIAPAMH TIPU BBICOKUX YHEPTHSIX.

IIpeameTomM wuccaeq0BaHUS SIBISIOTCS TMPOLECCHl (pparMeHTaluu sjep,
o0Opa3oBaHK€ MPOTOHOB, B TOM YUCJIE KyMYJIATUBHBIX.

Metoasbl ucciaenoBanusi. VIHKIIO3UBHBIN MOAX0 K 00pa30BaHUIO YacTHI] U
dbparMeHTOB B SAEPHBIX B3aUMOJEWUCTBHUSX TPHU BBICOKHX DHEPIHsX C
NpPUMEHEHUEM METOJOB MAaTEMaTHYECKOM CTAaTUCTUKU;, OJKCIIEPUMEHTaIbHas
MeTonuKa 00paboTKu (QriIbMOBONM MHGOPMAIMK, TOJYYEHHOW C My3bIPHKOBBIX
KaMmep, OOJIyYCHHBIX IyYKaMU PEISITUBUCTCKUX AaJPOHOB M SJAEP B CHUIBHOM
MarHuTHOM IIOJI€.

Hayynasi HOBHM3HA [IMCCEPTAIMOHHOTO MCCJEIOBAHUS 3aKIIOYACTCS B
CJIEAYIOIINX PE3yJIbTaTaxX, MOJTYUYCHHBIX BIIEPBbIC:

NPEIU3UOHHO  OMpEeNieHbl  CeueHHs o0pa3oBaHUsi CTAOWMJIBHBIX U
HecTaOMIBHEIX M30TONOB ¢ Z = 1-8 B '®Op-coynapennsx mpu 3.25 4 I3B/c u
MIOKA3aHO, YTO CEYEHUs 00pa30BaHMs 3€pPKAJIBHBIX SIIEp COBIMANAIOT B MpEaenax
CTaTUCTUYECKUX MOTPEUTHOCTEH;

OLICHEHBI TOJYIMIUPUUYECKUM METOJOM BKJIaJbl OCHOBHBIX MEXaHHU3MOB
o6pasoBanusi TpoToHOB B T C-, p°'Ne- '°Op-coymapennsix mpu 40 I'sB/c, 300
I'»B/c n 3.25 A I'B/c, cooTBETCTBEHHO. Y CTaHOBJIEHA HE3aBHCUMOCTEL 3HAUECHUM
ATUX BKJIAJIOB OT PHEPTUU M MACCOBOTO YHCIA (PparMEeHTUPYIOMIETO JIETKOTO siipa
Y UX YYBCTBUTEIBHOCTh K TUITY HAJETAIOIIECH YacTUIlbI (IMOH WU MIPOTOH);

YCTaHOBJICHO, YTO MEXaHU3MBbI 00pa30BaHUsI OBICTPBIX MPOTOHOB (p > 0.25
I5B/c) B '°Op-, p*C-, 1 "2C-, p*°Ne-coynapennsx npu 3.25 A I'sB/c, 9,9 IB/c, 40
[B/c u 300 I'3B/c, cOOTBETCTBEHHO, HE 3aBUCAT OT MEPBHUYHON SHEPIHH, COpPTa
HAJIETAIOIIEW YacTULIBl M THUIA JErKoro (parMEHTUPYIOIIETO s/pa, a TaKXe OT
CTETIeHU BO30YKICHHS (PparMEeHTHPYIOMIHNX SAEp (SICPHBINA CKEHIHMHT);

YCTAHOBJICHBI OCHOBHBIE MEXAHM3MbI OOpPAa30BaHMS IEHTPOHOB B 'Op-
coynapenusix npu 3.25 A 1'5B/c, cBsi3aHHBIE C CIUSHUEM KaCKaJHBIX HYKJIOHOB,
dbepMu-pazBajgoM BO30YXKJIEHHOTO fJIpa-OCTaTKa, pacnagaMd CpPaBHUTEIBHO
OBICTPBIX JIETKUX (PparMEHTOB M MPSIMbIM KBAa3UYNPYTUM BHIOMBAHUEM JIEUTPOHOB
U3 fJipa KUCIOPO/aa MPOTOHOM;

OTIpe/IeIeHb! CeUeHHs 00pa3OBaHUs POMEKYTOUHBIX cOCTOsHHIT siep (Be,
B, 2C*) B '"®Op-coymapenmsix mpu 3.25 A4 I3B/c u HaiimeHBl UX BKJIAbl
COBMECTHO ¢ HecTabWibHBIME siapamu “He, °Li B HMHKIIO3MBHOE CEUCHHE
o6pasoBanus o-gacTui. OpeaeneH BKIAN pacriana Bo3OYKICHHBIX saep ~C* B
KaHai 00pa3oBaHMs 3-X o-yacTull, KOTOpelii cocraBisieT (38 = 3.0)% cedenus
ATOrO KaHana;

JI0Ka3aHO, 4TO 06PA30BaHME KyMYIATHBHEIX IPOTOHOB B ' Op-, p'°C-, 1 '°C-,
p*Ne-, a'*C- u "*C"*C-coynapenmsix mpu 3.25 A I'3B/c, 4.2 T3B/c, 9.9 I'B/c, 40
[B/c, 300 I™B/c u 4.2 A I'aB/c, cOOTBETCTBEHHO, MPOUCXOJUT B PE3yjbTaTe
CTOJKHOBEHMsI HAJETAIOMIETO aJpoHa C «(IyKTOHaAMHU», OO0pa30BaHHBIMU
nocpencTBoM  GUIyKTyallMd IJIOTHOCTH HYKJIOHOB Sijpa B €ro  OCHOBHOM
COCTOSIHUH.
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IIpakTHyecKue pe3yJbTATHI MCCJIET0OBAHUS 3aKITIOUYAIOTCS B CIETYIOIIEM:
HAKOIUICH YHUKAJIbHBIM OaHK MPEIU3HOHHBIX SKCIEPUMEHTAIBHBIX JAHHBIX IO
CeUYEHUsAM 00pa30BaHMs CTAOMIIBHBIX U HECTAOMJIbHBIX U30TOMOB s/ipa KUCIOPO/Ia,
BKJIQJIaM PAacCMajioB Pa3IMYHbIX HECTAOMIBHBIX sjiep B (DOPMUPOBAHMUE O-YACTHIIL,
BO B3aUMOJICUCTBUSAX SAEp KUCIOpoAa ¢ mporoHamu npu 3.25 A I1B/c, a Takxke
BKJIaJJaM OCHOBHBIX MEXaHU3MOB OOpa30BaHUs MPOTOHOB B aIPOH- MU SIAPO-
AJIEPHBIX COYIapEHUSX MPHU BBHICOKUX DHEPrUSX. ITU IKCIIEPUMEHTAIbHbIC JaHHbIC
MOTYT OBITh UCIIOJIB30BaHbI JIs pa3pabOTKU TEOPETUUECKUX MOJIENEH U MOIX0/I0B
K ONHCAHWIO SBJICHUS (PparMeHTaluu SAep, a Takke g MOJAEIUPOBAHUS
B3aMMOJICUCTBHS TIEPBUYHOTO KOCMHYECKOTO H3IIYYCHHS C SiApaMu aTMOCHEpHI.
[TonydeHHble SKCHEPUMEHTAIbHBIE JIaHHBIE [0 PAa3JIMYHBIM XapaKTePUCTUKAM
Jerkux (GparMeHToB — TIPOTOHOB, JACHTPOHOB, SAEpP TPUTHS U Treaus-3,
00pa30BaHHBIX BO B3aUMOJICHCTBUSX PEISTUBUCTCKUX fAJIEp KHUCIOpoaa C
BOJIOPOJIOM, MIPEACTABIISAIOT TAKXKE MPAKTUUECKUM UHTEPEC JIJIsl PELICHUs] OTHOU U3
BOXHBIX TMPOOJIEM acTpOPU3UKH — TMPOXOXKACHUS TIOTOKOB YACTHI[ Yepe3
MEX3BE3HYIO CPENy.

JloCTOBEPHOCTh TOJIyYeHHBIX Pe3yJbTaTOB OOOCHOBBIBACTCS, MPEKIIEC
Bcero, Oosbmioi (>93 000 coObITHi) CTATUCTUKOW IKCIEPUMEHTAIBLHOTO MaTe-
puana, Ooyiee TOYHBIM OIpEACNICHUEM 3apsiia U HJICHTU(UKAIMENd YacTUl] U
(bparmMeHToB MO Macce, a TakKe M3MEPEHHEM MX UMITYJIbCOB U YIJIOB C BBICOKOM
TOYHOCTBIO; MPUMEHEHHEM OOIICTPUHSATHIX CTATUCTUYECKUX METOJ0B 00pabOTKH
U aHaiM3a OJKCIEPUMEHTAIBHBIX JaHHBIX, a TaKXKe WCIOIb30BaHUEM KakK
MHKJIFO3UBHOT'0, TaK U 3KCKJIKO3UBHOIO MOJX0JIOB K MHTEPIIPETALIMK PE3YJIbTATOB;
COOTBETCTBHEM IOJIYYEHHBIX OJKCIEPUMEHTAIbHBIX JAHHBIX C pe3yJbTaTaMu
JIPYTUX JKCIIEPUMEHTOB M OCHOBHBIMHU BBIBOJAMH TEOPETUYECKHX PadOT TI0
npobieme pparMeHTauuu saep.

Teopernueckass W  NpaKTHYecKass  3HAYMMOCTbL  Pe3yJbTATOB
HCCJIeA0BAHUS. OKCIECPUMEHTAIIbHbIC JIaHHBIE JHCCEPTAIMOHHON  padoThI
HEOOXOJMMBI JJISI CO3/JaHUSI MHUPOBOTO OaHKa SIICPHBIX JIaHHBIX, MPOBEPKHU
TEOPETUYECKUX MOJIeNIel U MOAXO0A0B K mpobieme pparMeHTaIuu siiep B aapoH- U
SIAPO-SIIEPHBIX COYNAPEHUSIX TPU BBICOKMX DHEPrUsiX, a TaKXKe MOTYT OBITh
UCIIOJIb30BaHbl MMPHU TUIAHUPOBAHUM W TIPOBEJIEHUHM HOBBIX HKCIIEPUMEHTOB Ha
YCKOpUTENAX HWOHOB. JlaHHbIe O ceuyeHusx oOpa3oBaHMsl CTAOUIBHBIX U
HECTAOWJIBHBIX M30TOIOB Sipa KHUCIOPOJa MOTYT HAMTH CBOE€ MPUMEHEHUE B
acTpo- ¥ KOCMO(PU3NYECKUX UCCIICTOBAHUSIX.

BHenpenue pe3yabTaToB HCCHAEA0BAHUIN. DKCIIEPUMEHTAIbHBIE TAHHBIE 110
CeUCHHSIM 00pa30BaHMS HECTAOMIBHBIX siep "Be 1 °B M METOIbI ONPEICICHHS HX
BKJIAJIOB B WHKIIIO3UBHOE CEUECHHE OOpa30BaHUS (-4aCTHUIl HCIOJIB30BaHBI MPU
MOJEUPOBAHUYU U TJIAHUPOBAHUM SKCIEPUMEHTA IO MCCIICIOBAHUIO KJIACTEPHOMU
CTPYKTYpBI JIETKUX si/Iep B NnepudepruvyecKux B3aUMOJICUCTBUSAX fAJIEp C sAJIEPHOMN
dboTodmynbcuet Ha  HykIOTpoHe OOBEIUHEHHOTO HWHCTUTYTa  SIACPHBIX
UCCIIEIOBAHUM B paMkax MexXayHapoJHOTO0 COTPYJAHUYECTBA IO Mporpamme
BECQUEREL (2009-2011, Ne 02-1-1087) (muckma OOBEIUHEHHOTO WHCTUTYTA
saepubix uccnenoBanuii Ne 100-25/19 ot 6 deBpans 2015r. u AxagemMun Hayk
Pecniybnuku Y306ekucran Ne 2/1255-289 ot 9 maprta 2015 1.).
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Anpobanus padotbl. Pe3ynbraTel mccnepoBanuil anpoOupoBanbl Ha 10
HAyYHBIX KOH(PEPEHIINAX, B YaCTHOCTH Ha 6 MexayHapoaHbIx KoH(pepeHusax: V
Mexaynaponnas koHpepeHusi «CoBpeMeHHblE MNpoOJIeMbl SAECPHOU (UMK
(Camapkann, 2003), III EBpasuiickas koHpepeHuus «SnepHas Hayka u ee
npuioxenus» (Tamkent, 2004), MexayHapogHasi KOH(QEpeHILMs, TOCBALIEHHAs
«SnepHoit Hayke u ee npunoxkeHusm» (Camapkang, 2012), XII MexayHapoaHas
koH(pepeHusa «Du3uKa BBICOKMX DJHEpPruM, sjaepHas (u3Mka U YCKOPHUTEIIM»
(XapekoB, 2014), 64-1 MexnayHaponHas koHpepeHus «DyHIaMEHTaIbHbIE
npoOiemMbl siepHON (U3MKK, ATOMHOW SHEPreTHKUW W SAJIEPHBIX TEXHOJOTHID)
(Munck, 2014), XXII Mexaynapoansiii bannuuackuii cemuHap mo mpoOiemam
¢usuku Bbicokux dHepruit (yona, 2014); a Taxke Ha 4 PecmyOmukaHCKUX
kKoH(pepeHuax: «DyHAAMEHTAIbHBIE W TPUKIAJHBIE TMPOOIEMbl  (HUUKU»
(Tamxkent, 2004, 2006, 2013), «®u3uka B Y30ekuctane» (Tamkent, 2005).

OcHOBHBIE Pe3yIbTaThl AUCCEPTALMOHHON PAOOTHI TOI0KEHBI B 0OCYXKICHbI
Ha Hay4YHbIX ceMHHapax PU3MKO-TEXHHMYECKOr0 MHCTUTYyTa HaydHO-pou3BOACT-
BeHHOro oObeauHeHus: «®Pusuka-ConHie» Axagemun Hayk PecnyOnuku
V36ekucran (2008, 2009), Ha HayuyHbIx cemuHapax WHcTuTyTa AnepHoi (U3UKU
Axanemun Hayk PecmyOnuku VY30ekuctan (2012, 2014), Ha oObeauHEHHOM
ceMuHape  @DU3MKO-TEXHUYECKOr0  HMHCTUTYyTa  HayyHO-pOM3BOJICTBEHHOTO
oovenunenust «duzuka-Conuue» u Uncturyra siaepHoit puznku AxaaeMun Hayk
PecnyOnmuku  VY3b6ekucran (2012, 2015), nwa HayuyHom cemuHape HaydHo-
UCCIIEIOBATEIbCKOTO HMHCTUTYTa NpUKIagHOW ¢(usuku mnpu HamuonansHOM
yHUBepcuTeTe Y30ekucrana (2014).

Ony01uKoBaHHOCTH pe3yabTaToB. [lo Teme nuccepranuu omyOIMKOBaHBI
34 HayuHble paboThl, U3 HUX 18 Hay4dHBIX cTaTed B )KypHaiax, B TOM 4ucie 6 B
MEXIYHApOIHbIX U 12 B pecniyOJMKaHCKUX HAay4YHBIX KypHalax, 13 myOaukamuii B
BU/JIE HAYUYHBIX TPYJIOB U TE3UCOB, 3 MpPENpPHUHTA.

Crpykrypa M o0bem auccepranum. J(ucceprauus COCTOUT W3 BBEIECHUS,
[T TJ1aB, 3aKJIIOYEHMS, CIUCKA JINTEpaTypbl U3 155 HanMmeHoBaHW, 2 TPUIIO-
KEHUU U cOAEPKUT 182 cTpaHUIBI OCHOBHOTO TeKCTa, 34 pucyHKa, 16 Tadmui.

OCHOBHOE COAEPKAHUE JUCCEPTALIUHN

Bo BBegeHuM JaeTcs KpaTKMi AaHaAIM3 OCHOBHBIX  pE3yJIbTATOB,
IIOJIyYEHHBIX 3a IOCIEIHUE TOABbI 110 aAPOH- U SAAPO-AAEPHBIM COYIAPEHUAM IIPU
BBICOKMX 3HEPTUAX [0 MHOXECTBEHHOM TIEHEepaluy 4YacTul U (parMeHTaIuu
Aep, a TaKKe IOKa3aHa aKTyaJlbHOCTh W C(HOPMYJIMPOBAHBI 1I€Nb U 33Ja4u
JTUCCEPTAIIMOHHON PaOOTHI.

B mepBoi riaBe AuccepTalyy HU3J0KEHBI OCHOBHBIE XAPAKTEPUCTHUKHU |-
METPOBOM BOJOPOJHOMU ITY3BIPHKOBOM KaMephl, IIydyKa U TaHO KPaTKOE ONHUCAHUE
METOIUKN 00paboTku (uiabMoBOi uHGoOpManuu. Tam Xe TPUBEICHO KpaTKOe
ONMCAHNE DKCIIEPUMEHTAIBHBIX MATEPUAJIOB, MTOJIYUYECHHBIX C ITIOMOLIBIO 2-METPO-
BOW nponaHoBoi U 30-1F0HMOBOI HEOH-BOJOPOJHOM MTYy3bIPHKOBBIX KaMep.

CraTtucTuka UW3MEPEHHbIX COOBITUH MO paccMATpUBAEMBIM THIAM U
NEePBUYHBIM UMITyJIbCaM IpuBeAeHa B Ta0m. 1.
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Tao6auma 1

CaeeHust 00 IKCNIEPUMEHTAJIBLHOM MaTepHuaJe
B3aI/IMOTII[/IerII\/'ICTBI/I$I Po, A ToB/c HOJCI;I(;);TII;; "
*Op 3.25 13500
T °C 40.0 16657
pPC 4.2 6901
p“C 9.9 18325
*He'*C 4.2 12326
2clac 4.2 20530
p*’Ne 300 5000
OO01as craTUcTUKA 93239

Bo BTOpoOil riaBe uccepTalM TPUBOIUTCSA JIETATIBHOE MCCIIEI0BAHUE
o0paszoBaHns TNpPOTOHOB B ' Op-B3ammoneiicTBusx mnpu 3.25 A I'sB/e, pC-
coymapermsix mpu 4.2 u 9.9 IdB/c, p*°Ne-cronkmoBenmsx mpu 300 IdB/c,
BBITIOJIHEHHBIX COBMECTHO € KOJIJIEKTUBOM COaBTOpPOB B coctae B.B. I'marones, K.
Onumos, A.A. FOnnames, b.C. FOnnames u ap.

Ha ocHoBanuu aHanm3a HOPMHUPOBAHHOTO MHBAPHUAHTHOTO WHKIIO3UBHOTO
b depeHnnansHOTO ceueHrs oOpa30BaHUsS MPOTOHOB IO HMMITYJILCY IMOKa3aHo,
YTO OHO YJOBJIETBOPUTEIHHO OMUCHIBACTCS CYMMOM TPEX rayCCOBCKUX (PYHKITUH:

flp)= Ed3a/dp3 = a;exp(—bjpz)+agexp(—b2p2)+a3exp(—b3p2), (1)

riae a; u b; — dutupyempie mapameTpsl (OmpeaensieMble METOA0M HAaMMEHBIITHX
KBaJpaToOB).

100

f(p), MaB”c’cTep”
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Puc.1. HopMupoBanHoe MHBAPUAHTHOE HHK/IIO3MBHOE 1M depeHnnaIbHOe
cedeHune 06Pa30BaHUs NPOTOHOB B ' "Op-B3anmMoneiicTeusx npu 3.25 A I'B/c
KaK (PyHKIHSA UMIIYJIbCA
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Ha puc.l B kadecTBe mpumepa MHOKa3aHO HOPMHPOBAHHOE HWHBApPHUAHTHOE
UHKITI03UBHOE JuddepeHinaibHoe ceuyeHrne oO0pa3oBaHMs Al BCEX IPOTOHOB,
06pa3oBaHHEIX B '°'Op-coyaapeHusx mpu 3.25 A I'sB/c B cucTeme MOKOS spa
KHCJIOPOJa M BKJIAJAbl KaXJ0ro wieHa BeIpakeHus (1) (B BuUIE MyHKTUPHBIX
KpuBbIX — 1, 2, 3). CruloiiHasi JTUHUS COOTBETCTBYET CyMMapHOMY BKJIaJly TpeX
YJICHOB, COOTBETCTBYIOIIMX OOPa30BaHUIO MPOTOHOB YEPE3 «UCIAPUTEIHHBIN
MexaHu3M (kpuBas 1), mexanusmbl @epmu-pazBana (KpuBas 2) U MPSMOTO
BBIOMBAHUSI TPOTOHOM-MHUILIEHbIO WJIM BTOPUYHBIMU yacTuliamMu (kpuBas 3). lonu
TUX MEXaHU3MOB OKazayuch paBHbIMHU (27.4 £ 0.5)%, (32.0 £ 0.6)% u (40.6 *
0.7)% COOTBETCTBEHHO.

B 1abn. 2 npuBeaeHbl 3HAUCHHS MapaMEeTPOB allIPOKCUMAMU HOPMUPOBAH-
HBIX WHBAapUAHTHBIX HMHKIIO3UBHBIX AU depeHInaIbHbIX CEYeHU 00pa3oBaHUs
npoToHOB B ‘Op-coymapenusix npu 3.25 A I»B/c B cucTeMe TOKOS spa
KucIoposa u B p° Ne-cronkHoBenusix mpu 300 I'3B/c B 1aGopaTopHoii cucTeMe.

Taoauna 2
Pe3yibTaThl annpoKkcuManuyu HOPMHPOBAHHOT0 HHBAPHAHTHOIO
HHKJIIO3UBHOTO Tu(depeHunanbHOro cedyeHnss 00pa3oBaHus MPOTOHOB
1o MMIYJIbCY Bhipaxkennem (1)

Tun coynapenus
[Tapa- *0p p"'Ne
METpeI BCE MCITyIIEHHblE MCITYIEHHBIE HCTIyIIIEHHBIE
IPOTOHBEI BIIEPEN Hazan  |BCCTIPOTOHRLY - phonen

aj 94.4+£3.5 45.3+2.2 49.5+2.9 50.1£2.4 20.5%1.6
b, 126.1£3.8 | 111.944.1 149.7£8.4 | 56.7£2.6 49.2+4.3
a; 4.55+0.30 | 1.80+0.13 | 3.22+0.46 |4.21+0.42 1.93+0.43
b, 14.57£0.91 |9.83£0.99 |24.3£3.9 10.39+0.92 | 10.19+£2.41
as 0.84+0.07 |0.56x0.09 |0.54+0.24 |0.65+0.11 |0.77£0.15
b; 3.71£0.12 | 3.2840.19 |8.78%+1.23 |3.12+0.18 | 3.30%£0.19

Xz/‘{.C.CB. 1.35 1.12 0.72 1.41 1.01

W3 Tabn. 2 BUAHO, YTO:

— 3HAYCHHE MapamMeTpa HakioHa b, 1st ' Op-B3aUMOEHCTBHIT CyIIIECTBEHHO
Goublie, yeM st p- Ne-coyaapeHuii. Y4uTsiBas, 4to b; Mo GU3NIECKOMY CMBICITY
SBIISIETCS BEJIMYMHOM OOpaTHO NPOMOPLUMOHATIBLHOM AMCIIEpCHH  (IIUPHUHE)
UMIIYJBCHOTO pAaclpeieseHus, 3TO OOCTOATEIbCTBO YKa3blBaeT Ha 0Oojiee y3Koe
MMITYJIBCHOE pacIpeeicHne, COOTBeTCTByomee neppomy wieny B (1) mist '°Op-
B3aUMOJECHUCTBUN. Takoe OTIMYME CBSA3aHO C PA3IMYHBIMH YCIOBUSAMH PETHC-
Tpaluy MEJIEHHBIX IMPOTOHOB B BOJAOPOJHON U HEOH-BOJAOPOJIHOM IMy3bIPHKOBBIX
KaMmepax;
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— 3HAYEHUE MapamMeTpa HAKJIOHAa b; IS TPOTOHOB, JETAUMX B 33HIOIO
nonychepy B =1.3 paza Oombiie, yeM il NMPOTOHOB, JIETAIIMX B IEPEAHION
nonycepy. Ha mpaBmonomoOHOCTH HaWJAEHHOTO 3HAYEHUS Mapamerpa b,
yKa3biBaeT TOT (hakT, YTO BEJIMYMHA MEpPBOro uieHa BbipaxkeHus (1) npu
U3MEHEHUM MMIYJIbca MPOTOHa OT p =~ 25 M»aB/c no p = 250 M»aB/c (obnacth
UCTIApUTENbHBIX IPOTOHOB) YMEHBIIAETCS IOYTH HA YETHIPE NOPSAIKA;

— 3HAYEHUS MapaMeTpPOB HAKJIOHA b, JAJi MPOTOHOB, JIETAUIMX B HEPETHIOO
noisiycdepy, B Ipeaenax CTaTUCTUYECKUX OTPEIIHOCTEN OKa3aJIUCh OJJUHAKOBBIMU
wis '°Op- u p**Ne-coynapennit;

— B IIpeJeNax CTaTUCTUYECKUX IMOTPEUIHOCTEH OKA3aJIMCh OJMHAKOBBIMHU U
3HAYCHHUsS] TapaMeTpOB HaKJIOHa b; A NPOTOHOB, JETSIIUX B IEPETHIOIO
nosrycdepy 11 000UX THUIIOB B3aMMOJICHCTBHUH.

Crnenyer OTMETUTH, YTO anmpokcumupys Gopmynoit (1) HopMupoBaHHOE
WHBAPUAHTHOE  MHKIIO3MBHOE AU(P(depeHIranbHOe CEUYeHHe 00pa3oBaHUs
NPOTOHOB, JIETAUINX B HepeaHIon nonycdepy B p'-C-B3anMoneiicTBusAX npu 4.2
[3B/c, nns BTOporo mapamerpa HakJioHa MojiaydeHo 3Haduenue b, = 10.06 + 0.99
(FaB/c)_z, YTO B Ipe/iesiaX CTATUCTUYECKHUX MOTPENIHOCTEN COBNAIAET C TAKOBBIMH
wis °Op- u p*Ne-coymapenmit (cm. Tabm. 2). K coxamenmio, u3-3a
HEBO3MOXXHOCTM B 2-METPOBOM  NPOMAHOBOM  IMy3BIPbKOBOM  KaMmepe
UACHTU(PUUMPOBATh MPOTOHBI ¢ uMIylbcamu P>750 MbsB/c, Mbl HEe MoOXeM
CPAaBHHTH 3HAYCHHE TPETHEro MapaMeTpa HAKIOHA B p° Ne-COymapeHHsX C
JTAHHBIMU IS 16Op—coyﬂapeHI/Iﬁ.

Takum 00pa3oM, MOKHO 3aKJIIOUUTh, YTO MEXAHHU3M OOPa30BaHUsI OBICTPBIX
IPOTOHOB, OCOOEHHO JIETAUIMX BIIEPEN, HUMEET YHUBEPCAJIBHBIM XapakTep,
BBIPAKAIOIINANCS B HE3aBUCUMOCTH €ro OT IEPBUYHOM DHEPIMM M THIIA JIETKOTO
(bparMeHTHPYIOLIETO Sapa.

Ot pe3ynbTaTsl HE NPOTUBOPEYAT SKCHEPUMEHTAIBHBIM  JAHHBIM,
IIOJIyYEHHBIM DJIEKTPOHHOW METOJMKOM, B KOTOPOM MCCIEN0BAINCh NUHBAPUAHTHBIC
CTpyKTypHbIe QyHKUUHU f(T) ObicTpbIX TPOoTOHOB (T > 70 M»3B), BbUIETatONIMX MO
pa3IMYHBIMH YIJIAMH BO B3aUMOJEHMCTBUSAX MPOTOHOB C pPa3HbIMU sapamMH (C
MacCOBBIM 4HCIOM OT A=6 1o A=124) mpu 7.5 I»B/c. Oxaszanock, yTo mpHU
(UKCUPOBAHHOM YTJIE€ BbLIETa MPOTOHOB f(7) yAOBIETBOPUTEIHHO OIMUCHIBACTCS
OJIHOM HKCIIOHEHTOM, U 3HAaU€HHE MMapaMeTpa HaKJIOHa B IpeJieyax CTaTUCTUYECKUX
HOTPEIIHOCTEN HE 3aBUCUT OT MAacCOBOTO YKclia (PparMeHTUPYIOLLETO sIpa.

Hamu (coBmectno c¢ K. OnumoBbeiv, B.U. Ilerpoeim, B.B. JlyroBeim)
BIIEPBBIE TPOBEJEHA arpoOanus MpOCTOM (PEHOMEHOJIOTHUYECKON MOJenu s
ONHCAaHUsl  paclpefesieHud NPOTOHOB IO  MHOXeCTBeHHocTH B 7 C-
B3anMmozeiicTeusx npu 40 TaB/c u p*°Ne-coynapennsx mpu 300 I'3B/c. B pamkax
TOM MOJETM OCHOBHBIMH MEXaHH3MaMHM OOpa30BaHMs MPOTOHOB SIBISIOTCS
BbIOMBAaHME MPOTOHOB HAJIETAIOUIEH YacTUIEl B Ipolecce MHOTOKPaTHOIO
nepepaccesiHisl €€ Ha HYKJIOHAaxX sijipa; pacnaj Bo30Y)KIEHHOro sjpa-ocTaTKa
(DepMmu-pazBait), 00pa30BaHHOIO  TMOCJHE  MPOXOXKACHHUS  BHYTPHUSIAEPHBIX
COyJapeHHl MEepBUYHOM 4YaCTULBI; «UCIAPEHUE» HCXOJHOIO SApa  IpHU
nepuepuvuecknx COyJapeHUsX WM Ke JeBO30YKICHHS MHOTOHYKIOHHBIX
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¢parmeHTOB, 00pa30BaHHBIX B pe3yibTaTe pacmajga BO30YKIACHHOTO sSApa-0CTaTKa.

Ha puc.2 B xauecTBe npumepa MOKa3aHbl HKCIIEPUMEHTAJIbHBIE paclpese-
JIeHUs! COOBITHI MO MHOKECTBEHHOCTU (pacmlpeeneHre BEpOSTHOCTH) MPOTOHOB
wis  p*Ne-coymapenuit mpu 300 IdB/c U  pe3ynbTaThl pacuyeroB IO
BBIIICYIIOMSIHYTOM MpOCTON (hEeHOMEHOJIIOrMYecko Moaenu. Mopeib XOopoIlo
BOCIIPOU3BOJIUT HKCIIEPUMEHTAJILHOE pacipeiefieHue MPOTOHOB M0 MHOYECTBEH-
HOCTH Ui p  Ne-coymapenmii (y° = 3.8 mpH ceMH CTEHeHSX CBOOOJBI, HTO
cooTBeTcTBYET 60Jee 80%-HOMY YPOBHIO 3HAUUMOCTH ).

P*Ne
01

P(np)

001 |

1E-3 1 1 1 1 1 1 1 1 1 1
0 1 2 3 4 5 6 7 8 9

Yncno nNpoToHoB

(®) mpu 300 I'3B/c, cimoniHas TMHUS — pe3yIbTaThl pacuyeTa
110 )eHOMEHOIOTUIECKONH MOJIEIIH

Puc.2. Pacnipenesienre BepoSITHOCTEN MOSIBJICHUS COOBITHI ¢ JAHHBIM
20
YHCJIOM MPOTOHOB B p~ Ne-coyAapeHHusIX

B T1abn. 3 mnpuBeneHbl OKOHYATEIbHBIE PE3YyJbTaThl (C Y4YETOM IOTEPH
MEUICHHBIX M  OBICTpBIX IPOTOHOB) IO OLEHKaMm JIOJIeM  yKa3aHHBIX
JOMUHHUPYIOIIUX MPOIECCOB 00pa30BaHUs MPOTOHOB B T C-B3aUMOJCHCTBUSAX NPHU
40 I'B/c u p*’Ne-coynapenusix mpu 300 ['3B/c BMecTe ¢ JaHHBIMH, IOy 4CHHBIMH
B '°Op-coymapenusix npu 3.25 A I'3B/c.

Taoauna 3

BKJ1abI MEXaHH3MOB 00pa30BaHMusi IPOTOHOB B 7T -C-, '°Op-
1 p*’Ne-coynapeHusix npu BHICOKHX YHEPrHsX

Tun B3aumMoaencTBus
T 2C "0 p™Ne
HUcnapumenonwoiri | 0.22 £0.01 0.27+£0.01 | 0.28+0.01
Depmu-passan 0.43+0.02 0.32+£0.01 | 0.31+£0.01
Buvibusanue 0.35+0.02 0.41£0.02 | 0.41+0.02

Twun Bx1aga
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U3 tabn. 3 BuAHO, 4To B ciydae Op- u p°'Ne-coymapennii HaGmrozaercs
YCTOMYMBOCTh — MPAKTAYECKAass HE3aBUCUMOCTh OTHOCUTEIBHBIX BKJIAJIOB
pa3JIMYHBIX MEXaHU3MOB O0pa30BaHUs MPOTOHOB OT PHEPTUHM M MACCOBOTO YHCIA
dbparmenTupytoiero sapa. HabmrogaemMoe HEKOTOpOE pazjiMuue dTUX BEJIUYUH B
T 2C-COyIapeHHsIX, O-BUIUMOMY, CBS3aHO C MCHBIINM CEYEHHEeM T N-B3arHMO-
JEUCTBUI MO CPAaBHEHMIO ¢ pN-B3aUMOJICHCTBUSMHU, IPUBOISIINM K OTHOCUTEIIBHO
MEHbIIIEMY BKJIJy MEXaHW3Ma BHIOWBAHUS TPOTOHOB.

Takum 00pa3oM, MOXXHO B3aKIIOYUTh, YTO JIOJIM PA3IUYHBIX IPOLECCOB
o0pa3oBaHMsI MPOTOHOB HE 3aBUCAT OT SHEPIMM U MACCOBOIO YHKCIA JIETKOTO
dbparMeHTUPYIONIETO SApa, HO UYYBCTBHUTEIbHBI K TUITYy HAJIETAIONMICH YaCTHIIBI
(MMOH WM MPOTOH).

B TpeTbei riaBe auccepTaluu MpeCTaBICHbl SKCIIEPUMEHTAIbHBIE PE3YJib-
TaThl (ITOJIy4eHHbIE KOJUIEKTUBOM aBTOpOB B coctaBe B.B. I'marones, K. Onumos,
CJIL JlyrnynnaeB, A.A. HOnpames, b.C. KOnpames u Ap.) Mo HCCIEIOBAHUIO
IIPOIECCOB 0OPA30BAHMS JACHTPOHOB, sEp TPUTHS U TeNHs-3 B ' Op-COyIapEHHIX
npu 3.25 A I»B/c u naHHble TIO KOppessuusM oO0pa3oBaHUs ITUX SIAEp C
BBIXOJIaMH JPYTUX TUIIOB BTOPUYHBIX siAep-PparMeHTOB U 3apsKEHHBIX yacTull. B
Tabn. 4 TpPUBENCHBl CPEIHUE MHOXECTBEHHOCTH U WHKIIIO3UBHBIE CEUYCHUS
oOpaszoBaHus Jierkux GpparMeHToB ¢ A < 3.

BuaHo, 4TO MHKIIO3MBHOE CE€YEHUE OOpa3oBaHUsl JCUTPOHOB COCTaBISET
okono 20% ceyeHus pPOXKICHUS MPOTOHOB WM B 2.4 pas3a MPEBBINIAET CEUYECHUS
o0pa3oBaHMs 3epKANTBHBIX SIIEP H u *He. CpenHsas MHOKECTBEHHOCTD °H u °H,
paccuutanHas no KOMM, okazanacs B =1.4 pa3a MeHbIII€ SKCIEPUMEHTAIIBHOM.

TakuM 06pa3oM, BHAHO, 4TO MEXaHHM3MOB oOpasoBammsi simep H u °“H,
3aJ0KCHHBIX B akcuomMatuky KOHWM, sBHO HEIOCTAaTOYHO I ONHUCAHUSA
COBOKYIMHOCTH SKCIIEPUMEHTAIbHBIX JAHHBIX 110 3TUM SIAPaM.

B skcnepumMeHTanbHOM pacnpeieleHuH JEHTPOHOB 0 MOJIHOMY UMITYJIBCY B
cucTeMe TOoKosi snpa kuciopoaa (puc.3) B obmactu p = 0.40-0.55 I»B/c
oOHapy’KeHa HeperyJasipHOCTb, OTCYTCTBYIOIIAs B pacyeTax no KOUM.

N3 cpaBHEHMs O3THX [BYX CIEKTPOB MOXHO 3aKiIOunTh, 4yr0 KOUM
NEPEOLIEHUBACT poXKaeHue neruTpoHoB B obmactu 0.10< p <0.35 I2B/c, a B
obmactu p > 0.4 I2B/c — HemoomneHuBaer. Takoe pacxoXACHHE CBS3aHO C
HEY4YEeTOM B MOJICJIM BKJIaJla MEXaHU3Ma CIUSHUS OBICTPHIX KaCKaHBIX HYKJIOHOB.

Taoauma 4
CpenHne MHOKECTBEHHOCTH <Ng> U MHKJIKO3UBHbIE CEYEHMS G i, (MOH)
BbIX0/1a JIETKUX (pparMeHTOB 'H,’H,’H u *He B 3kcnepumMente 1 KOUM

Tun gparmenra 'H °H °H “He

<ng> (Okcmep.) | 1.78 £0.02 | 0.331 £0.007 {0.141 + 0.005]0.142 £ 0.005
<ne> (KOMM) | 1.75+£0.01 | 0.249 +£0.003 [0.108 £ 0.001]0.152 £ 0.002

Gin(okcep) | 5942+55 | 1103+23 | 47.1+1.6 | 47.4+1.6
oin(KOUM) | 584.5+22 | 832+12 | 36.1+07 | 50.8+0.8
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J{nst BBISICHEHUS] IPUYMHBI BOBHUKHOBEHUSI HEPETYJISIPHOCTH B MUMITYJILCHOM
criekTpe nedTpoHoB B obsact p = 0.40-0.55 I'3B/c Ob11M M3yueHbl UMITYJILCHBIE
pacnpeneneHus JEHTPOHOB, JIETAIIMX B IEPEIHIO M 3aJHI0 Toiychepsl B
CUCTEME TIOKOS SiApa KUCIOPOJia Mo OTACIBHOCTH (puc.4).
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® — SKCIIEpUMEHTAJIbHBIE JaHHbIE, O — npeackazanuss KOUM

Puc. 3. HopmMupoBanHoe Ha 00111ee YMCJI0 pacnpeaeseHue 1eiTPOHOB
10 MOJHOMY UMIIYJIbCY B CHCTeMe MOKOS siIpa KMCJI0pPoaa

BungHo, 4TO MMIyJNbCHBIA CHEKTP ACUTPOHOB, JIETAIIMX HAa3ad, HE HMEET
KaKuX-TH0O0 OCOOEHHOCTEH, IEMOHCTPUPYST MOHOTOHHBIN XapakTep. My nbCHBIN
€ CHEKTp JACHUTPOHOB, BBUIETAIONIMX B MEPEAHION Mnoiychepy, TOBOJIBHO KECT-
KUH, & OTMEUEHHAs BBIIIE HEPETYJSIPHOCTh B UMITYJIBCHOM CIIEKTPE BCEX AECUTPO-
HOB B uHTepBasie p = 0.40-0.55 I'3B/c BeipaxkeHa O4eHb SPKO. ITO MOXKET OBITh
CJIEICTBUEM HAJOKEHUSI MUHUMYM JIByX MEXaHU3MOB, UMEIOLIUX Pa3HbIE CPEIHUE
3HAYEHUS UMITYJIbCOB. BO3MOXHO Takke, 4YTo Takoll »dddexT cBs3aH ¢
CYIIIECTBEHHBIM Pa3JIMYMEM MEXaHU3MOB OOpa30BaHUs JIEUTPOHOB, JIETSIIUX B
NepPeNHIo W 3anHo0 moinycdepol. I[lpm sToM Hago0 TOMHHUTH, 4YTO TpHU
0o0pa3oBaHUM JICUTPOHOB, JIETAIIMX Ha3ajJd, OCHOBHOW BKJAJ JAalOT Tak
HAa3bIBAEMbIM MCIAPHUTENbHBIA MeXaHu3M U wmexanudm ODepmu-pazBana. B
MPOLECCAX KE POKICHUSA AEUTPOHOB, JETAIINX BIEPE], TIOMUMO BBIIIEYKA3aHHBIX
MEXAaHU3MOB, JAIOT BKJIAJbl MEXaHU3M CIMSHHS KAaCKaJIHBIX HYKIIOHOB, pacnaibl
OTHOCUTEJILHO OBICTPBIX BO30YXKIEHHBIX JIETKMX ()PAarMEHTOB, a TaKXKE MPSMOE
BHIOMBAHUE JIEUTPOHOB U3 sJpa KHUCIOPOJa, KOTOPbIE M MOTYT SIBJISIThCA
MPUYMHAMU >KECTKOCTH M BO3HUKHOBEHHUSI HEPETYISIPHOCTH B WX HUMIYJIHLCHOM
CIIEKTpE.
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® — /ISl ACUTPOHOB, JICTAIINX B IEPEIHION0 MOIychepy;0 — A ASUTPOHOB, JIETAIINX B
3a/IHIOI0 TIoTycepy

Puc.4. HopmupoBanHoe Ha 0011ee YMCJI0 pacnpeaeeHue 1edTPOHOB
10 MOJTHOMY UMILYJIbCY B CHCTEMe NMOKOA A/Ipa KHCJI0POoaa

W3yyenune Koppensmuii BbIXOJa JCHTPOHOB U 0OOpa3oBaHUs JPYTUX
¢parmeHToB (Tabi. 5) mokaszajo, 4TO B COOBITUAX C OOpa3OBaHHEM JAEUTpOHA
CpeAHsisi MHOKECTBEHHOCTh ()parMeHTOB ¢ Z<4 Ooiblie, a ¢ Z>5 MeHbIIe, 4YeM B
coObITHsIX 0€3 00pa3zoBaHus JEUTPOHA.

Tabauna 5
Cpeanne MHOKeCTBEHHOCTH (JparMeHTOB ¢ Pa3HbIMH 3apsiiaMH
B COOBITHAX C IeTPOHOM M 0e3 Hero

3apsin ¢pparmenTa

1 2 3 4 5 6 7

0 [1.37+0.03 0.5620.01 [0.063+0.003 |0.035%0.002 [0.076+0.003 |0.216+0.005 0.247%0.006

>1 2.4710.04 1.06£0.02 | 0.12+0.01 (0.054+0.005 0.067£0.006 0.126+0.008 0.022+0.003

Ha ocHOBaHuM wm3ydeHMsI 3THUX KOPpESALMH ISl IEUTPOHOB, JETAIIUX B
NEPEeIHIO H 3aJHIOI0 Moxycdepbl, MOKa3zaHO, YTO MEXaHU3M O00pa3oBaHUs
JEUTPOHOB HE CBSI3aH C HAIMYUEM WA OTCYTCTBUEM B COOBITMH JPYTUX
bparMeHTOB WM 3apsOKEHHBIX YacTHIl, T.€. HAONIOAaeMbie KOPPEISIUU He
YyBCTBUTEJBHBI K MEXaHU3MY (hOPMUPOBAHUS TEUTPOHOB.

B uyerBepToii rJjiaBe aUCCEpPTALIMU TPUBEACHBI PE3YJbTaThl HU3YUYCHUS
mporieccoB 00pasoBanus sgep ‘He npu (parMeHTALHH PEISTHBHCTCKUX SEP
KHCIIOpOa BO B3aUMOJEUCTBUSX ¢ mporoHamu npu 3.25 A [mB/c (nmomydenHbie
KOJIJIEKTUBOM aBTOpOB B coctaBe B.B. I'marones, K. Onumos, C.JI. JlyTnysiaes,
A.A. IOnpames, b.C. IOnnames, B.B. JIyrosoi#t u np.). Ocoboe BHUMaHKUE B HE
YIeIEHO OMPENEICHHIO BKIAIOB HECTAOMIBHBIX smep B, *Be 1 BO3GYKICHHBIX
aIep yriepona B ceYeHHE O00pa3oBaHUs 0-4acTUIl. Takxke HcclenoBaHa
3aBUCUMOCTh HMHKJIFO3UBHBIX CEUYCHUW W PA3JIMYHBIX KHHEMAaTHUYECKUX Xapak-
TEPUCTHUK 0-4ACTHUI] OT TOIMOJOTUHU pa3BaIa SEP KACIOPOAA. DKCIEPUMEHTAIbHbBIC
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JJaHHBIE CpaBHEHbI C pe3ynpraramu pacyera no KOHUM, ¢ mnpenckazanusmu
cratuctTuueckor Mmonenu ['onpaxabepa u ¢ pacueTaMu 0 MOJAETH KOAJTECICHITHH.

JIist BBIACHEHMSI BKJIQJOB Pa3JIMYHBIX MEXaHU3MOB OOpa30BaHUS (-4ACTHUIL
MBI BBINIOJHUJIN CPABHEHHUE JKCIIEPUMEHTAIBHOIO HOPMHUPOBAHHOTO WHBAPHAHT-
HOrO WHKIO3MBHOro guddepennuansaoro ceuenus f(7)=Ed ‘oldp’ ¢
pacuetamu o KOUM u no monenu koanecuennuu. Pacuer mo KOUM B obnactu
T<15 M5B B mpepenax CTaTUCTUYECKUX NOTPEIIHOCTEN YIOBIETBOPUTEIHHO
ONMCBHIBAET DJKCIEpUMEHTANbHBIN crekTp. Ilockompky KOUM  cymecTBeHHO
HEJOOIICHUBAET BKJIAJ HCHAPUTEIBHOIO MEXaHM3Ma oOpa3oBaHHUS JIETKHX
dbparmeHToB, HabMOAaEMOE B HAIlIEM CiIydae COrjacue MPUBOAMUT K BBIBOAY, UYTO
JUISL 0-4aCTHUILl BKJIAJ] WMCIAPUTEIBHOTO MEXaHW3Ma MX OOpa30BaHUs WM TpEeHe-
OpexuMo MaJ, uiau oTcyTcTByeT. B obmactu 7> 15 MaB ¢ pocToM KHHETHYECKOH
DHEPruU O-4acTUll pacxoxiacHue ¢ pacueramu 1o KOUM wu skcnepuMeHTOM
ycunuBaetcs. Teopetuueckuii criektp mo KOUM oopeiBaercs npu 7'< 100 M»aB, B
TO BpeMs KaK 3KCIEPUMEHTAIBHOE paclpe/ieieHHe MpocTupaercs A0 odnactu 1 =
200 MhB. Takoe pe3koe pa3HOIJIacME MEXAY SKCIEPUMEHTOM U PacyeToMm Mo
KOUM cBs3aHO ¢ HEY4YETOM B HEM 0O-KJIIACTEPHOM CTPYKTYPBI JETKHX SAEP, a
TaK)Ke BKiIaga MexaHu3Mma ciausaus. Jus obmactu 7 > 100 MaB Mbl BRINOJIHUIN
pacyeT CIEKTpa O-4acTHUI] IO MOJEIHM KOAJIECUECHIMM Ha OCHOBE IPOTOHHBIX
CIIEKTPOB M YCTAHOBHJIM, YTO BKJIaJ MEXAHU3Ma CIMSHUSA B MHKIIFO3UBHOE CEYEHUE
oOpazoBaHnus o-yactuil coctapisieT 1.4+0.3 %.

CpaBHenue pacuetoB 1o KOHUM ¢ 3KCEpUMEHTAIBHBIM PaCIpENEICHUEM
NONEPEYHBIX MMITYJIBCOB O-YAaCTHI[ IOKa3al0, 4YTO XOTSA CpEIHHE 3HA4YECHUS
MONEPEYHBIX UMITYJIbCOB COBIAAOT, npeacka3anua KOUM u skcnepumeHTa 1o
dbopmMe pacnpeneneHus CyluecTBEHHO PacXOIsATCA.

VYrnoBoe pacrnpenencnue ¢parmeHToB ¢ 7 < 10 M»aB Ha HYKJIOH corjiacHo
CTaTUCTUYECKOW TeopuHu (parMeHTallMu JOKHO ObITh M30TponHbIM. llpu
M3y4CHNHN MCITyCKaHHs JITKUX hparMentos (p, d, ¢ u *He) ¢ sueprueii T< 10 MaB
Ha HYKJIOH OBbUIO BBISBICHO OTKJIOHEHHE OT OTMEUYEHHOI'O BBIIIE MOJIOKEHUS
CTAaTUCTUYECKON TEOPUU. DTOT IKCHEPUMEHTANbHBIN (PaKT Mbl HHTEPIIPETUPOBAIIN
KaK OTPaXEHUE HAIMYHUS YIJIOBOIO MOMEHTA Y (DparMEHTUPYIOLLETO sIpa.

IIpoBeneHHBII HaMU aHAIW3 KUHEMATHYECKUX XapAaKTEPUCTUK OL-4aCTHL,
06pa3oBaHHbIX B '°Op-B3anMoseicTBusix mpr 3.25 A IB/c, mpuBen K BBIBOIY,
YTO OCHOBHAs YacTh O-4acTHIl oOpa3yercs 3a c4eT (EepMHUEBCKOro pa3Baia
(cTaTHCTHYECKOrO0 MEXaHu3Ma), B TO BpeMs Kak BKJIAJ OT HCHapUTEIbHOTO
MexaHu3Mma He 3ameTeH. Ponb 3¢ dekra xoanecreHIMH XOpPOIIO MPOSBISETCS B
00yacTH 0O0NBIIMX KUHETHUYECKUX SHEPTUM U MONEPEUHBIX UMITYJIbCOB.

B kaHanax 06pa30BaHMS TPEX M UYETHIPEX O-4acTHIl B ' 'Op-B3aHMOACHCTBUSIX
npu 3.25 A I'3B/c Obul IpoBeeH aHaIu3 MPOMEKYTOUHBIX COCTOSIHUII MHOTOHYK-
JIOHHBIX CHCTEM, PACIIa[AfOIIHXCs HA (-JACTHIBI, YACTHOCTH 'Be > o +a u B —
ot atp.

JIOTIOJIHUTENBHBIM MCTOYHUKOM OOpPa3yIOIIUXCS O-YaCTHUIl MOTYT SBISATHCA
npyrue (TaKke HecTaOWIbHBIC) supa, Takue Kak, Hampumep, “He m °Li.
HNmeromuecs 3KCIEPUMEHTAIBHBIE JaHHBIE TO3BOJWIM OLECHHUTH CEYEHHE
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06pa3oBaHus HecTaOHIBHOrO M30TOMa °Li, pacmamarormerocst Ha "He U IPOTOH.
CeueHne oOpa3OBaHUs sIEp THTHIL-5 OKasanoch paBHbIM o("Li) = 8.4 + 0.5 mGapH,
YTO HE CWJIBHO OTJIMYACTCS OT 3HAYCHHWH (YHKIIMH BO30YKICHUS, MOTYYSCHHBIX
HaMU U1 CTaOMIIBHBIX U30TOTIOB.

Ha ocHoBe aHanm3a pacnpeaeneHuii Mo MHBApUAHTHON Macce TPEX O-4aCTHII
(puc. 5) u npu momomM pa3zpaboTaHHON HaMH (EHOMEHOJOTHYECKON MOJIeIu
U30TPOMHOTO  (Pa30BOr0 MpOCTpaHCTBA (YUMUTHIBAIOLIEH 3aKOH COXpaHEHUSs
SHEprHU-UMITyIbca) B Op-coymapeHusx npu 3.25 A [9B/c BrepBble yCTaHOB-
JICHO, YTO BKJIAJ] Paciaga Bo30yKICHHBIX simep ' -C* B KaHAT 0Opa3oBaHUs TPEX O-
yacTHI] cocTaBisieT oko0 (38+3.0)% ceueHuss ATOro KaHaja, a OCTaBIIAsCA YacTh
CCUCHMsI KaHaJla peau3yeTcs depe3 mpsamMoil depmu-pa3Bai WU KBa3HYIPyTroe
BBIOMBAHUE OJTHOTO Ol-KJIacTepa U3 c1abo CBSI3aHHOTO f]Ipa-0CTaTKa, COACPIKAIIETO
TPH OLl-YaCTHIIBI.
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CrutomHas TuHUS — (POHOBOE pacIpeiesieHue
Puc. 5. Pacnipenesienue cucTeM Tpex 0-4acTHI IO YJHEePrumn Bo30yxkaenus AE*

Ipu aHanM3e KaHATOB 06PA30BAHMS TPEX WM YETHIPEX Ol-4aCTHII B Op-coy-
napenusix npu 3.25 A I'3B/c namu (B.B. I'maronesbim, C.JI. JlyrnymnaeBsiM, K.
OnumoBbeiM, B.B. JIyroseiM, A.A. FOnnamessimM, b.C. FOnnamessiM u 1ip.) ObUIH
oOHapyxeHbl 3 (hEeKThl, CBONCTBEHHbIE a3WMYyTaJIbHOW AaCHUMMETpUU U
KOJUIMHEAPHOCTU. ECTECTBEHHO NMPEANOJIOKUTh, YTO NIPUUMHAMU BO3ZHUKHOBEHUS
KOJUIMHEAPHOCTU BEKTOPOB UMITYJIbCOB IMAp O-YACTHUI] MOTYT SBJISITHCA pacraibl
HeCTaOMIBHBIX siiep 'Be — o + o B OCHOBHOM M IIEPBOM BO30Y)KICHHBIX
coctosiuusix ¢ 9HeproseiienieHueM 0.1 u  3.04 M»dB. Mpbl npoBepwin
CIPaBEIJIMBOCTh JTOrO MPEAIOJIOKEHHSI C YYETOM pOXACHUS M pacnaja
IPOMEKYTOUHBIX HECTAOUIIBHBIX SIIEP *Be > a+au B—a+a+t p ¢ IOMOIIBIO
(eHOMEHOJIOTMUECKOW MOJIENIH U30TPOITHOTO (ha30BOTr0 MPOCTPAHCTBA.

Ha puc. 6 nmokasaHo pacrpeeieHue 10 IapHOMY a3uMyTalbHOMY YTIIy (&) 1-1
U j-i a-gactuil. TaM e NMpPUBEIEHbI U HAIIU PAaCUYEThl, BHINOJHEHHBIE B paMKax
merona Monte-Kapno no momudunmpoBanHol (PEHOMEHOTOTHYECKON MOAENN
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U30TPOMHOrO (a30BOr0 MPOCTPAHCTBA C YUYETOM M O€3 yueTa poKISHHUS U pacmajaa
HecTaGMIBHEIX sitep 'Be u °B.

Xopolee coriacue pacdera C IKCIEPHUMEHTOM HaOIOJaeTcsi MpU ydeTe
POXKIECHHS M pachajga IPOMEKYTOUHBIX sgep Be u °B. Hawmmydmee cormacue
JOCTUTHYTO TIpu BeposATHOCTIX poxaeHus W(0.1) = (15.4+0.6)% u W(3.04) =
(6.6+0.26)% mis simep "Be u W(0.3) = (19+0.45)% mis siapa B (B ckoOKkax
yKa3aHbl 3HAUE€HUSI BBIJIETSIEMbIX SHEPT Uil pu pacnanax B MaB).
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Puc. 6. Pacnipenenenue mo napHoMy asuMyTajabHOMY yriay (g;;) i-il 1 j-i o-
YaCTHII

Ha puc. 7 npuBeneno pacnpenesieHue o napaMerpy asuMyTalbHOM KOJUIH-
neapHocTH (P,) I MHAMBHAYadbHBIX aKTOB 'Op-cOylapeHHit ¢ Tpems H
YETBIPEMS (.-4ACTHIIAMHU B KOHEYHOM COCTOSIHUM. TaM ke MOoKa3aHbl U pacYETHBIC
pacnpeneneHuss MO0  MOAU(MUIMPOBAHHON  (DEHOMEHOJIOTHYECKON  MOJAeNnn
U30TPONHOro (Ha30BOr0 MPOCTPAHCTBA C y4eToM H 0e3 yuera oOpa3oBaHUsA
HECTAaOMIIbHBIX fJIEP *Be u ’B. Buano, uto pacdyeTHOE pacIpelesICeHue ¢ y4YeTOM
00pa3oBaHns HECTAOWIBHBIX siaep 'Be ¥ B yHOBIETBOPHTEIBHO OIHCHIBACT
SKCIIePHMEHTANbHBIH criekTp (x°=3.88 mpu 10-TH CTemeHsIXx CBOGOMBL, HYTO
cooTBeTCTBYET 95% ypoBHIO 3HAYMMOCTH). Takke COBIAJAIOT U HUX CPEIHHUE
3HAYEHHA: <Pr>yen =0.13 £ 0.03; <Br>pacy = 0.13+0.02. Kak u oxupganocs, cpenaee
3HaY€HUE pacyeTHoro [3, 0e3 yuyera POXKIEHUS BBIIICYKa3aHHBIX HECTAOWIIBbHBIX
A7iep 0Ka3aJ0Ch CPABHUTEIBLHO MAIIBIM: <[,>p5cq = 0.00420.024 n x2=21.56 ipu 10
CTENEeHsX CBOOObI, YTO COOTBETCTBYET YPOBHIO 3HAUUMOCTH MeHee 2%.

Takum o0pa3zoM, MOKHO 3aKJIIOUUTh, YTO AKCIIEPUMEHTANIBHO HaOto1aeMast
a3uMyTallbHas KOJUIMHEAPHOCTh B KaHallaX 00pa30BaHUs TPEX U YETHIPEX O-YACTHI]
00YCIIOBIICHA PACTIAaMH [IPOMEKYTOUHBIX HECTaOHIbHBIX siep Be 1 *B.
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Pesynbrathl pacueroB o mojenun Monte-Kapio ¢ yueTom (criiomrHasi TricTorpaMma)
u 6e3 yueTa (IITPUXOBAs TUCTOTPaMMa) POXKICHHUS HECTAOMIIBHBIX SIEp *Be u ’B

Puc.7. B,-pacupeieleHne B MHAMBHAYATbLHBIX aKTaxX ' 'Op-coyaapennii

Tadauua 6
CeueHnst 00pa30BaHNs CTAOMILHBIX H HECTAGHIBHBIX H30TOMOB B '°Op-
coynapenusix npu 3.25 A I'3B/c, mOapu

Z A ot Ao Z A c* Ao
'H 594.5+5.5 B’ 5.70 + 0.29
1 ‘H 1106 +1.3 5 1 10.6 £ 0.4
‘H 450+ 1.6 ) 109+0.4
‘He 454+ 1.6 I’ 0.51+£0.42
5 ‘He 164.0+1.9 ¢ 1.77+0.8
‘He' 8.40 + 0.50 e 9.18+£0.76
°He 1.03 +£0.23 6 e 263 +0.8
i 8.40 + 0.50 2c” 9.80 + 0.80
; SLi 19.0+£0.8 B 9.48 +0.76
Li 106+0.8 He 3.68 +0.76
’Li 4.80 +0.76 BN 9.40 +0.79
Be 103 +0.5 7 "N 26.1+0.8
*Be” 7.63 +£0.37 BN 30.3+0.8
4 ’Be 6.15+ 0.52 o 2.85+0.70
8 o 31.1+0.7
10 + . .
*)

HEeCTaOMJILHBIE UIIN B036V)KI[GHHBIG'COCTO$IHI/I$I

Ha ocHoBe anmpokcuMaIiy UMITYJIbCHBIX CIIEKTPOB CTAOMIBHBIX (PparMeHTOB
rayCCOBCKUMHU (DYHKIIUSIMHU C WCIIOJIB30BaHUEM PE3YJIbTATOB MPUBEICHHBIX BHIIIE
nporeAayp (ompeaesieHus BKJIAJ0B HECTaOWIBHBIX siIEp C MOJaMHU pacrajioB
BKJIIOUAIOMIMMH  O-YaCTHUIbI) OBUTM OMpenereHbl cedeHus: oOpa3oBaHMs BCEX
CTaOWIBHBIX M HecTabwibHBIX smep ¢ Z=1-8 B '®Op-coymapenmsx mpu 3.25 A
[»B/c, npencraBnennHsie B Tabnuiie 6.
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N3 T1abn. 6 BUOHO, YTO HAWOOIBIIMM WHKIIO3UBHBIM CEUYCHHUEM
00pa3oBaHUsl B psly MHOTO3APSIHBIX (PparMeHTOB 00JIa/Iat0T OL-YACTHUIIbI, & TAKKE
TO, YTO CEYeHHUs O0Opa3oBaHMsS 3EpPKAJbHBIX SJEP C MACCOBBIMU YHCIIAMH,
paznuyaronumMucs Ha OA = £l OT OCHOBHOTO MaccoBoro uucia (A=2Z), B
npejenax CTaTUCTUYECKUX MOTPEIIHOCTEN COBNAJAIOT.

B nfAToM rjiaBe auccepTaluy MPEJCTaBICHBl PE3yJIbTaThl CHUCTEMATH-
YECKOT0 HCCIIEIOBaHMS MPOIECCOB 00pa3oBaHus KyMyJIsTUBHBIX NMpoToHOB (C.JI.
JytnynnaesiM, K. OmumoBeiM, b.C. IOngamessim, B.M. IlerpoBbiM, P.H.
bexMup3aeBbIM U JIp.) U CACTAHBI 3aKIOYEHUS O MPEIMTOYTUTENILHOCTH OTIETbHBIX
TEOPETHYECKHUX CLCHAPHEB HX (OPMUPOBAHMS B ''Op-coymapeHusx mpu 3.25 A
[B/c, B m C-coynapenusix nipu 40 I'2B/c, pC-p3aumoneiictBusax npu 4.2 u 9.9
I5B/c, *‘HeC- u CC-cronknoBenmsx 4.2 A IsB/c, a takke B pNe-B3amMo-
nevicreusx pu 300 IB/c.

do/dB, MOH
1000

100 |

10 |

0,1 P S RS EN U RS RS RS
12 13 1,4 1,5 1.6 1,7 1.8 1,9

CumBodsl: (0) — st CC-coynapenuii ipu 4.2 A [9B/c u (®) — mst 1 C-coynapenunii ipu 40
[B/c. [Ipsimble TUHUK — PE3yNbTATHI AlMIPOKCUMAIIMU SKCIIEPHUMEHTATIBLHBIX
JTAaHHBIX 3aBUCUMOCTHIO BUA (2)

Puc. 8. UHK/II03MBHBbIE CEYeHUS MPOTOHOB KAK (PDYHKIMS KYMYJIATHBHOIO
yncaa B aasa n C- coynapennii npu 40 I'B/c)

Ha puc. 8 B kayecTBe mnpuMepa IPUBEIECHbl HHKIIO3UBHBIE CEUCHUS
o0pa3oBaHMsI MPOTOHOB B 3aBUCHUMOCTH OT KYMYJSTMBHOIO 4ucia 3
(MUHMMaNbHAs Macca MULIEHUW, YYacTBYIOLIEH B 0Opa30BaHUU KyMYJISITUBHOIO
MPOTOHA, B OTHOCUTENBHBIX €IMHMIIAX MacChl MPOTOHA) B obnactu B > 1.2 nns
CC- u n C-coynapenuit npu ummynbcax 4.2 A I'3B/c u 40 I'3B/c cooTBeTCTBEHHO,
a Ha puc. 9 — UHBapUAHTHbBIEC MHKIIIO3UBHbBIE CEYEHUSI 00PA30BAHUS KyMYJISITUBHBIX
npoToHoB I p° Ne- 1 ' °Op-coynapenuii.

[TpsiMBIMU JIMHUSIMU TIOKA3aHbl PE3yJbTAaThl ANMPOKCUMALMKM SKCIIEPUMEH-
TaJbHBIX JAHHBIX 3aBUCUMOCTHIO BU/IA

J(B) = aexp(=bP). )
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1,2 1.3 1.4 15 1,6 1,7 1,8

B

CumBosL: (@) — st p°’Ne u (m) — 1 ' °Op-coynapennii pu BHICOKHX SHEPIHsX.
[IpsMble TMHUM — pe3yJIbTaThl AIPOKCUMALIUN KCIIEPUMEHTAIBHBIX
JTAHHBIX 3aBUCUMOCTHIO BUA (2)

Puc. 9. I/IHBapI/IaHTHOC HHRKJJIIO3UBHOEC CCUYCHUC OﬁpaSOBaHHH KYMYJISATHBHBIX
IMPOTOHOB B 3aBUCHUMOCTH OT NMOKa3aTe/isi KyMYJSATUBHOCTH ﬂ

Pe3ynbpTarhl  ammpoKCHMAamuu BCEX OKCIEPUMEHTATBHBIX JaHHBIX 10
pacmpeseNieHH0 MPOTOHOB TI0 YHUCIY [ B COOTBETCTBHH C BBIpAKCHHEM (2)
NIPUBENICHBI B Ta0J. 7, U3 KOTOPOW BUIHO, YTO 3HAUCHUS IMapaMETPOB HAKIIOHA b B
npenenax CTaTHCTHYECKUX TMOTPEIIHOCTEH COBMAJAIOT MEXKIY COOOM miisi Bcex
paccMaTpUBaEMbIX THIIOB COYJAPEHUI U MEepBUYHBIX dHEepruil. CpeaHsis BeIHMYnHA
b 1o BceM paccmaTpuBaeMbIM aHcamMOIIsIM coctasisieT 8.1+0.1.

Tadauuna 7
IIapaMeTpbl HAKJIOHA B MapaMeTpu3anuu (2), TUI cOyaapeHu
U YN CJI0 COOBITHH

Twuno Yucio
B3aUMOJIENCT- | COOBI-
Bus, P,(I'2B/c) TUH

n C, 40.0 16657 | 8.18+0.26 | 1.1
pC,42 6901 | 8.09+049 | 1.0
pC,9.9 18325 | 8.10+0.25| 0.9

‘HeC,4.24 | 12326 |8.00+028| 1.2

CC, 424 20530 | 8.14+0.20| 0.4
Op,3.254 | 12367 |8.13+021| 0.4
p**Ne, 300 4990 | 7.99+0.18| 0.8

[Tapamerp

2
Y~/CT.CB.
HaKJIOHA, b
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NHTepecHo oTMETHUTH TOT (akT, YTO W WHBAPUAHTHBIC WHKIIIO3UBHBIC
cedyeHus1 00pa30BaHMs KyMYJIATUBHBIX IPOTOHOB U pacIpeaesieHrs NPOTOHOB MO [3
B 3aBUCUMOCTH OT KYMYJISITUBHOTO YHCIIa 3 UMEIOT SKCIIOHEHIMATbHBIA XapaKTep.

Takum o00pa3oM, MOXXHO 3aKJIIOYUTh, YTO MEXaHHU3M O0Opa3OBaHUs
KYMYJISITUBHBIX MTPOTOHOB HE 3aBUCUT HU OT TUIA CHapsja, HU U OT NMEPBUYHOU
HHEPTHUHU.

Cpennue MHOKECTBEHHOCTH KYMYJISITUBHBIX MPOTOHOB B KYMYJISITUBHBIX
Op- u p*’Ne-cobbitusx okazamuch paBHbiME 1.11 £ 0.02 u 1.16 + 0.03 coor-
BETCTBEHHO, B TO BpPEMs KaK BO B3aUMOJICHCTBUSAX T -ME30HOB, MPOTOHOB, O-4ac-
TULl U SAEp yriiepoja C AlpaMu yriiepoda (HE3aBHCUMO OT THUIA HaJETarolleu
yacTulbl) »Ta BenuumHa paBHa 1.05 £+ 0.01. IlpenBaputenbHblil aHamu3
oOpa3oBanusi KyMyJSITUBHBIX TIPpoTOHOB B CTa-coynapenusix npu 4.2 A I'3B/c nan
3HAUYEHUE €€ CpPEeJHEH MHOXXECTBEHHOCTH B KYMYJSTHUBHBIX COOBITHSX, PaBHOE
1.79+0.06. Takum 00pa3zoM, cpeaHssi MHOKECTBEHHOCTh KYMYJISITUBHBIX IPOTOHOB
B KYMYJSTHUBHBIX COOBITHUAX CIa00 pacTeT C YBEIMYEHHUEM MacCOBOIO YHCIIA
(hparMeHTUPYIOIIETO SApA.

AnmnpokcuManus A-3aBUCUMOCTH CPEIHEW MHOXECTBEHHOCTH KyMYJISITHB-
HBEIX INPOTOHOB  BBIPWKEHHEM: <Ngn> = a + A% rae A — MaccoBOe 4YHCIIO
(bparMeHTUPYIOUIETO S71pa, @ U 0, — MapaMeTphl GUTUPOBAHUS, JAJI0 3HAUCHUE a =
—0.41 £ 0.01 u o = 0.15 £ 0.01 mpu ypoBHe aoctoBepHOocTH 60Jee 99%. [lpu ee
armpOKCUMAIIMM  3a8BUCHMOCTBIO <Ny = a + Z% 3HaueHHWs IapaMeTpoB
nony4datorcss paBHbIMU @ = —0.32 £ 0.01 u o = 0.17 £ 0.01 Takxe npu ypoBHE
noctoBepHocTH Oosiee 99%. B obeux anmpokcuManusx 3HAUYCHUS IOKas3aTelen
CTerieH! OJU3KHU K BeIM4uHE 1/6, CyIIeCTBEHHO OTJIMYAIOIIEHcs OT 3HadeHus 1/3,
XapaKTEPHOIo s A-3aBUCUMOCTH CPEIHMX MHOXECTBEHHOCTEH BCEX IMPOTOHOB.
[lockonbKky 00pa3oBaHHE€ KyMYJSITUBHBIX MPOTOHOB CBA3aHO C YHUCIOM
baykTyanuuii saepHOM MIOTHOCTH (KOTOPOE, B CBOIO OYEPE/Ib, MPOMOPIIUOHATIEHO
IUCIEPCUM  CpPEAHEN MHOMXECTBEHHOCTH), TO BO B3aUMOJEHUCTBYIOIIEH C
HAJICTAIOMICH YACTUICH «TpyOKe» (parMeHTHpyromero sapa pasmepom ~ A'°
YUCI0 Takux (IyKTyauuil OyaeT MpOomopLUUOHAIBHO <n>'", a CpellHee YHCIIO
KyMY/SITHBHBIX TPOTOHOB OyzxeT mporopuuonansio ~ A'°. B manHOM ciyuae
XapakTep  A-3aBUCHUMOCTH  TIOJITBEPXAAET  CHEHAPUH HUX  «XOJOJHOIO»
o0pa3oBaHMsi, OCHOBAHHOI'O Ha CYIIECTBOBaHUM (DIyKTOHOB. Jlpyrum BecKUM
apryMEHTOM B TI0Jb3y TaKOro CIEHapusl CIYXUT HE3aBUCUMOCTb JOJHU
KYMYJISITUBHBIX COOBITHII OT MacCOBOTO YHCJIa HAJETAIONIEH YacTUIIBI WU SApa.
UucrieHHbIe 3HaYEHUS ITUX JIOJICH MPUBEIEHBI B Ta0M. 8.

AHanu3upysi I1aHHble TaOJd. §, OTMETUM CIEAYIOoIIee: M0JIS KyMYJISITUBHBIX
COOBITHI HE 3aBHCHUT OT MAacCOBOT'O YHCIIa HaJETAroled YacTHIlbl (MPOTOH WITU
AIpO) IS sAep-MUIIEHeHd ¢ OoauMHakoBbIMU A. JlaHHBIE YKa3bIBAIOT Ha
YYBCTBUTENBHOCTh 3THX JIOJIEH K THUITY HAJETAIOLEH YacTUlbl (TMOH WM CHCTEMA
OapHOHOB).

[lepBoe 0OCTOATENHCTBO YKA3bIBAET HAa BO3MOXKHOCTh OOBEIUMHEHUS 4HCIia
COOBITUM € KyMYJSTHUBHBIM MPOTOHOM B pa3HbIX aHCaAMOJSAX JaHHBIX IS
BBIYMCIICHNS UX CPEHEH 0NN Ut GapHOHHBIX cucteM (s p'°C-, a'*C- u *C'*C-
coynapenuii). B Hamem ciyudae sta BenmumHa cocrtaBisieT (10.0 = 0.1)%.
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HezaBucuMocTs 107mu COOBITHH C KyMYyJATHUBHBIM TPOTOHOM OT pa3MepoB
HaAJIETAIOMICH OapUOHHOW CHCTEMBI MOXKET YKa3blBaTh HAa JOMHHHUPYIONIYIO POJIh
OJTHOKPATHBIX B3aWMOJCHCTBUI HAJETAIOMUX YacTHIl C (IYKTOHAMH, YHCIIA
KOTOPBIX B COOTBETCTBUHU C XOJIOAHOW MOJEIHbI0 HEM3MEHHBI B HAIIEM CiIydyae
(omHA W Ta K€ SApO-MHIICHb). ITOCKONBKY B3aMMOJEHCTBHUE CTaTKUBAIOITUXCS
00BEKTOB SBIISICTCS OJHOKPATHBIM, TO Ha €ro XapaKTEPUCTUKH OyJyT OKa3bIBaTh
BIUSHUAC CBOWMCTBA TIEPBUYHBIX 4YaCTHUI[ (HAIpUMEp, KBApKOBBIM COCTaB).
HNHTEepecHO B 3TOM CMBICIE PACCMOTPETh OTHOIICHUE JOJICH KyMYJISSTHBHBIX
COOBITMM 11 TMOHOB M OapHOHHBIX cucTeM. HeTpyaHo BHIETh, 4YTO 3TO
orHomeane paBHo (.66 £ 0.02, T.e. 2/3, 94TO B CBOIO OUYEpeab COBIIAIACT C
OTHOIIICHUEM YHCEJl BaJCHTHBIX KBapKOB TMHOHA W MPOTOHA W YKa3bIBaeT Ha
pean3aIiio KyMyJIsSTUBHBIX MPOIECCOB HA KBAPK-TIAPTOHHOM YPOBHE.

Taoauna 8
JloJ1s1 cOOBITHH ¢ KYMYJISITUBHBIM MMPOTOHOM B 3aBHCMMOCTH OT THIA
HAJETAIIIEH YacTHIIBI

Tun ITomHOE Yuciio coObITHl Homs cobbIThid
N C KYMYJISITUB-
B3anMOJACUCTBUA, qUCJIO C KYMYJ'ISITI/IB—
o HBIM HpOTOHOM,
P,, I'3B/c COOBITUI HBIM IIPOTOHOM o
0
T °C, 40.0 16657 1097 6.6+0.2
pC, 42 6901 699 10.1+0.4
p”C,9.9 18325 1825 10.0£0.2
‘He'?C, 4.2 4 12326 1211 9.8+0.3
2c2C,4.2 4 20530 2070 10.1+0.2
*Op, 3.25 4 12367 1496 12.1+0.4
p**Ne, 300 4990 728 14.6 £ 0.6
CTa, 4.2 2440 1013 415+15

Takum 00pa3zoMm, MOXXHO 3aKIIOYUTh, YTO 3aBUCHMOCTh WHBApPUAHTHBIX
WHKJIFO3UBHBIX CEYEHH 00pa3oBaHMsI KyMYJSTHUBHBIX NMPOTOHOB OT KyMYJISITUB-
HOTO YHWcia [ UMEET YHUBEPCAIbHYI0 3aKOHOMEPHOCTH, 3aKJIIOYAIONIyIOCS B
HE3aBUCUMOCTH KaK OT MEPBUYHOW SHEPTHH, TaK U MACChl (pParMEeHTUPYIOIIETO
anpa. Ha ocHOBe H3y4YeHHUsI KOppEALUNA MHOKECTBEHHOCTEN BTOPUYHBIX YaCTHUIl U
(GparMeHTOB C BBIXOJOM KyMYJISITUBHBIX MPOTOHOB YCTAaHOBJIEHO, YTO CPEIHUE
MHOECTBEHHOCTH BTOPUYHBIX YaCTUI] U (PParMEHTOB KOPPEIUPOBAHBI C BHIXOJIOM
KYMYJISITUBHOTO MPOTOHA, HO B TMpEJENIaX CTAaTUCTHYECKUX MOTPEIIHOCTEN HE
3aBUCAT OT MOKa3aTessi KyMYJSTUBHOCTH ITPOTOHA .

B npuiio:keHUsIX TPUBEACHBI OMNUCAHUSA AITOPUTMOB MOJICIUPOBAHUS
pacnagoB SIAEpP KUCIOPOJA HAa TPU W YETHIPE O-4YacCTUIBI B paMKax MOJIEIHU
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U30TPOMHOr0 (Pa3oBOro MPOCTpaHCTBA. Tam ke MpPUBEAEH W ajJrOpUTM pacuera
12
BKJIaJ1a BO30yk/IeHHOTO sApa ~C B KaHaJI 00pa30BaHUs TPEX O-4aCTHULI.

3AKJIIOYEHUE

1. BriepBbie B ycnoBusix 47T-reOMETPUM BBIMOTHEH CUCTEMATHUYECKUI aHan3
06pa30BaHus IPOTOHOB-(GParMeHTOB B ' Op-coymapeHmsx mpu 3.25 A I'sB/c u
MOKa3aHo, 4TO (opmMa MMIYJIBCHOTO CHeKTpa mpoToHOB ¢ p>0.25 I»B/c (3a
UCKITIOUCHHUEM «HCHApUTETbHBIX»), BBUICTAIONIMX B TMEPEIHION Moiaychepy B
cucTeMe TIOKOS (parMeHTHPYIOMIEro s/pa, HE 3aBUCUT OT CTENEHH €ro
BO30y>XJIeHUs, a (hopMa UMITYJIbCHOTO CIIEKTPa MPOTOHOB, BHUIECTAIOMINUX B 33 THIOI0
nosrychepy B CUCTEME MOKOs (PparMEHTHUPYIOIIETO Sapa, CHIBHO KOppeIupoBaHa
CO CTETIEHBIO €ro BO30YKICHHUS.

OOHapyXeHa HEpPEeTyJSIPHOCTh B CIIEKTPE KUHETUYECKOW SHEPTHH OBICTPHIX
npotoHoB B obmactu T=70-90 M»B, oOycnoBieHHas BO3MOXHBIM pacmagoM
JIBYXHYKJIOHHOM CHUCTEMBI 3a CUET MOTJIONICHHS €10 MEIJICHHOTO TTHOHA.

DKCIEePUMEHTAIBLHO OIEHEHBI BKJIAJbl OCHOBHBIX MEXaHH3MOB 0Opa30BaHUS
IPOTOHOB (MCHApPUTENbHBIA MexaHu3M, MexaHusm @Depmu-pazpana BO30YXK-
JIEHHOTO SIPa-OCTaTKa M MEXaHW3M MPsIMOTO BbIOMBAHUS MPOTOHOB B IIpoliecce
KacKaJMpOBaHUSA) U OMpEAeNIeHbl MX CTAaTUCTUYECKHE Beca (BKJIAJbI), KOTOpPbHIE
COOTBETCTBEHHO cocTaBuid 27.4+0.5%, 32.0+0.6% u 40.6+0.7%.

2. Ha ocHOBe aHanv3a HOPMHUPOBAHHOIO WHBAPUAHTHOTO WHKJIFO3UBHOIO
(G hepeHIHATPHOIO CeYeH s 00Pa30BaHUs IIPOTOHOB M | Op-B3aMOCHCTBHIT
npu 3.25 A I5B/c, p'>*C-coymapenuii mpu 9,9 I3B/c, n *C-B3anuMozeiicTBuil pH
40 IB/c u p*°Ne-coynapennii mpu 300 ['3B/c caenaH BEIBOL O TOM, YTO MEXAHU3M
00pa3oBaHUsi OBICTPHIX MPOTOHOB, OCOOEHHO JIETALIUMX BIEpPEN, UMEET YHUBEP-
CAIbHBIA XapaKTep, BBIPAKAIOIIUICSI B €ro HE3aBUCUMOCTU OT IEPBUYHOM
HHEPTYH, COPTA HAIETAIOIICH YaCTUIIBI M THIA JIETKOTO (DparMeHTUPYIOLIETO sJIpa.

3. Bnepsrie ampoOupoBaHa TpexcraguiiHas (PEHOMEHOJIOTHYECKass MOENb
JUISl aHAJTMTUYECKOTO OMUCAHUS paclpeieNIeHH 0 MHOKECTBEHHOCTH MPOTOHOB B
1 C-coynapenusix mpu 40 IaB/c, p*’Ne-cronkuoBennsx mpu 300 IsB/c u '°Op-
coymapenusix npu 3.25 A I»B/c m omnpeneneHbl A0iM BKIAI0B OCHOBHBIX
MEXaHU3MOB O00Opa3OBaHMs TMPOTOHOB — «HUCHApUTENbHOrO», depMmu-pazpasia u
MpPSMOTO BBIOMBAHUS TEPBUYHBIM TIPOTOHOM W BTOPUYHBIMH YACTHUIIAMU.
VYCTaHOBIIEHO, YTO 3TH JOJM HE 3aBUCAT OT DHEPrUM M MAaCCOBOIO YHCIA
(dbparMeHTUPYIOLIEr0 JIETKOTO $Jipa, HO YYBCTBUTEJbHBI K THUIly HalleTaromei
yacTullbl (ITMOH WJIM TIPOTOH), T.€. K YMCIY WX BaJIGHTHBIX KBapkoB. Cremyer
OTMETUTb, UTO 3HAUCHUS ITUX JOJCH A pzoNe—CTOHKHOBeHI/Iﬁ npu 300 I'»B/c u
"*Op-coynapenuii mpu 3.25 A T5B/c cOBIAaOT ¢ TAKOBBIMH, ONPEACICHHBIME Ha
OCHOBE aHajiM3a HOPMHUPOBAHHOI'O WHBAPUAHTHOTIO HWHKIIIO3UBHOIO nuddepeH-
IMANBHOTO CEYeHMs OOpA30BAHHS IIPOTOHOB, OOPA30BAHHBIX B ' Op-B3aMMO-
nevictBusax pu 3.25 A I'B/c.

4. B UMOyJIbCHOM CIEKTpE ‘“‘IEUTPOHOB-BHEpPEN’ B CUCTEME IMOKOS slpa
kucnopoga B obmactu 0.40 < p < 0.55 I'B/c oOHapyXeHO «IJIe40», KOTOPOe
MOKET OBITh CBSI3aHO C MEXaHW3MOM CIHSIHHUS OBICTPHIX KACKaJIHBIX HYKJIOHOB,
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pacmagaMu CpaBHUTEIBHO OBICTPHIX JIETKHMX (PParMeHTOB, a TakXKe C MPSIMbIM
KBa3UYNpPYTruM BbIOMBaHHWEM ACUTPOHA W3 fAlpa KHUCIopoaa mpoToHoM. Cpeanue
MHO>KECTBEHHOCTH (DparMEHTOB KOPPEIUPYIOT C HATUYHUEM JEUTPOHA B COOBITHUH,
HO HE 3aBUCAT OT MexaHu3Ma oO0pa3oBaHusd JAeWTpoHa. Mojenb CAusHUsA
(KoaJIeCLIEHIIMN) YCIIEUTHO OMMCHIBAET UMIYJbCHBIN CHEKTpP OBICTPHIX JAEUTPOHOB
U 0-4aCTHII.

5. BBINIOTHEHO CHCTEMATUYECKOE CPABHEHUE 3KCIIEPUMEHTAIBHBIX AaHHBIX
mo dparMeHTanuH sapa KucIopoga B | Op-coymapeHmsx mpu 3.25 A IB/e ¢
npeackazanusmMu KOVM. YcranoBneHsl ocHOBHBIE 4yepThl KOUM, Tpebyromiue
M3MEHEHUSI aKCMOMAaTUKUM W BBOJMMBIX B MOJEINb MMAPAMETPOB ISl YJIyUIICHUS
npeackaszarenpHon cuiibl KOMM. Tlokazano, 4To 11l peaiuCTUYECKOro ONMUCAHUS
mporeccoB (parMeHTaIuu sAep B aApOH-SACPHBIX COYAAPEHUSX TPH BBICOKHUX
SHEPrugAX B MOJEIU HEOOXOJHMM y4YeT KaK BKJIaJOB MCHAPHUTEIbHOIO MEXaHU3Ma
(maxxe mJisl TaKUX JIETKUX sAliep, Kak 16O), TaK U MEXaHU3Ma CIUSHUS OBICTPBIX
KAaCKaJHBIX HYKJIOHOB, a TAKXE O-KJIACTEPHOM CTPYKTYpHI Jerkux saep. Jlokazana
HEOOXOMMOCTh y4eTa HeOOJBbIIOr0 YIJIOBOTO MOMEHTa, MPUOOpPETaeMoro
bparMEeHTUPYIOITUM SIPOM.

6. VccnemoBaHo 06GPa3OBaHME o -4acTUI] B ' Op-pEaKIHsIX H B PA3THUHBIX
TOMOJIOTMYECKNX KaHAJIaX pa3Bajia sAep KHUCIOpPOAa, NPOAHAIM3UPOBAHBI HX
UMITyJIbCHBIE W yTJIOBBIE  CHEKTphl.  Pa3paboTansl W anpoOMpPOBaHBI
(eHoMeHONIOrnYeCcKre MOJETN OO0pa30BaHMUS O-9aCcTUI[ dYepe3 HeCTaOMIbHbIC
MPOMEXyTOuHbIE sapa 'Be, °B u Bo3OyxmeHHoe sapo ~“C. B wactHOCTH
YCTaHOBJIEHO, YTO JIOMUHHUPYIOIIMM KaHaJOM MYJbTH(QPPArMEHTALUN SIBISETCS
pa3Basl siipa KUCJIOpPOJAa C BBIXOAOM siiep Teusi, 4acTb KOTOPBIX SIBJISIETCA
MPOIYKTOM PacIiafoB KOPOTKOKUBYIMX siaep ~Li, “He, "Be, ’B n *C*.

B kananmax oO0pa3oBaHHMsT TpeX M UETBIpEX 0O-4acTUI[ OOHapy»KeHa
KOJUIMHEApHOCTh, 00YCIOBICHHAs paciagaMy HecTabMIbHBIX siep "Be n *B.

BriepBbie KOJIMYECTBEHHO YCTAHOBIICHBI BKIIA/IbI KAHAIIOB OT paciiajga ‘Be, *B u
BO3GYMKJICHHOTO simpa ~C* B MHKIIO3HBHBIH KaHAI 0OPA30BAaHMS O-4acTHIL. BKias
pacnaga BO3OYKIGHHBIX sjgep ~C* B KaHal oOpa3soBaHMA TPeX O-YACTHI]
coctaBisieT 38+3.0% ceueHns TOro KaHaljla, a OCTaBIIasCd YacTh CEUYCHHUS KaHala
peanuzyercs yepe3 npsimoil depMu-pa3Bail UM KBa3Uylnpyroe BbIOMBaHUE OJHOIO
o-KJ1acTepa U3 ¢i1ado CBSI3aHHOTO fA/Ipa-0CTaTKa, COACPIKAIIETO TPHU OL-YACTHUIIBI.

AHQJIU30M YIJIOBBIX CIEKTPOB [IBYX-, TpPEX- M YETHIPEXHYKJIOHHBIX
dbparMeHTOB TONYyYEHO VyKa3aHWE Ha HaJIW4Yue VYIJIOBOTO MOMEHTa Yy
dbparMeHTHpYIONIETO SApa-ocTaTka; 3P(HEKT YCHUIMBAETCS TPH MEpPexoje OT
JIerKkoro (pparmMeHTa Kk 00Jiee TSHKENbIM.

7. BrepBble B yCIOBHSX IMOJTHOW F€OMETPUN U3MEPEHBI CEUEHHSI 00pa30BaHUS
CTaGHMIIBHBIX M HECTAOMIBHBIX M30TONOB ¢ 3apsiaoM Z=1-8 B '°Op-coynapennsx
npu 3.25 A I»B/c. IlokazaHo, 4To ceueHHs] OOpa3OBaHUsI 3€PKAJIbHBIX SAEP C
MAacCCOBBIMHM YHUCJIAMH, pa3inyaromuMucs Ha AA = = 1 0T OCHOBHOTO MacCOBOTO
4uClla, ONpeneasieMoro kak A = 27, B npeaenax CTaTUCTUYECKUX MOTPEIIHOCTEN
COBNAJAOT. B mpenenax CTaTHCTHYECKUMX MOTPEIIHOCTEN TaKKe COBIAJAOT
CeUeHHs BBIXOJOB HECTAOMIBHOTO M30TONA B M 3epKaIbHOTO eMy CTaOHIBHOTO
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n3orora “Be. HaGmoiaeMas 3aKk0HOMEPHOCTb PACIIPOCTPAHSETCS U Ha 3epPKANbHBIC
aapa (PN, 0), ofpasoBaBmmecss B pesynbTaTe MHOTEPH OJHOTO HYKJIOHA
McXoaHoro siapa ‘O B nepudepuuecknx coyaapeHnsx ¢ MPOTOHOM-MHUIICHBIO.

8. BrnepBble NpOBEIEH KOMIUIEKCHBIA CpPAaBHUTEIBHBIN aHaAIW3 MPOLECCOB
06pa30BaHMs KyMyJITHBHBIX IIPOTOHOB B ' Op-coynapenusx npu 3.25 A TB/c, B
plzc-BSaHMOHGﬁCTBHHX npu 4.2 [B/c u 9,9 I1B/c, B n_lzc-BSaHMOHeﬁCTBHﬂX
mpu 40 IB/c u B p*’Ne-coymapenmsix mpu 300 I'sB/c, B a'’C- u "“C'"C-
coynapenusix npu 4.2 A I'B/c u nokaszaHo, 4To 3HaYeHUE MapaMeTpa HaKJIOHa
pacnpeneneHuii MHBapUAHTHBIX AU dEepeHIINaTbHBIX HWHKIIO3UBHBIX CEYEHUHN
o0pa3oBaHUsI KyMYJSTUBHBIX MPOTOHOB MO [3 JEMOHCTPUPYET YHUBEPCAIbHBIN
xapakrep («AIepHbIA CKEHUJIMHIY), 3aKIIOYAIOIIMIICS B €ro HE3aBUCHUMOCTH OT
TUNA CHapsija, MUIICHH W TEPBUYHON SHEPrUU. Y CTAHOBJIEHA HE3aBUCHUMOCTh
CpeaHell MHOXKECTBEHHOCTHM KYMYJISITUBHBIX MPOTOHOB B  KYMYJISTHUBHBIX
COOBITUSIX JJISI OJTHOTO W TOTO K€ SApa-MUILICHU OT MEPBUYHOU PHEPTUM U THUMA
cHapsiia. IlokazaHo, 4yTo 00pa3oBaHME KyMYJISITUBHBIX HMPOTOHOB IMPOUCXOIUT
PEUMYILECTBEHHO IO CHEHAPHIO «XOJOIHON» MOJIEIHN. Y CTaHOBIIEHO OTCYTCTBHE
KOppeNsiuid MEeXIy MeXaHu3MaMu OoOpa3oBaHMsI KyMYJSTUBHBIX IPOTOHOB U
BTOPUYHBIX YaCTHUI[ U ()parMeHTOB.

9. VYcraHoBieHa HE3aBUCUMOCTh MEXaHHU3MOB (OPMUPOBAHUS JIETKUX
¢dbparmentoB. HalOmogaemble B OIKCIEPUMEHTE KOPPEISALMOHHBIE — SIBICHUS
ABJISIIOTCSL  CJEACTBUEM JEHUCTBUSL 3aKOHOB COXPAHEHUS DSHEPrUU-UMITYJIbCa,
3JIEKTPUUECKOr0 U OAPMOHHOTO 3apsA0B B Mpolieccax (pparMeHTanuu saep.

OOmuii WUTOT TPOBENEHHBIX pabOT CBOJUTCA K CHUCTEMATHYECKOMY W
KOMITJIEKCHOMY HUCCJICIOBAHUIO TIPOLIECCOB (PparMEHTalluud JIETKUX SJAep B
IIMPOKOM [IMANa30He TMEPBUYHBIX DSHEPruil C IMOMOUIBIO E€IUHOM METOJHKHU.
[TonaBnsromass 4acTh MAHHBIX, BKJIIOYEHHBIX B ATy JHUCCEPTAIMIO, MOJIy4YeHa
BIIEPBBIC, U 3TU JAHHBIC MO3BOJIAIOT TNIy0XKe U JAeTalbHee MOHATh OCOOEHHOCTH U
CBOMCTBA sA1iep, (PparMEHTUPYIOMIMX MO JACHUCTBUEM YacTHUIl BBICOKUX AHEPIUil U
PESATUBUCTCKUX SIZIEP.

[locTaBiieHHBIE B JHUCCEPTALIMOHHOW paboTe 3aJayu MO KOMILJIEKCHOMY
HKCIEPUMEHTATLHOMY UM (PEHOMEHOJOTHUUECKOMY HCCJICIOBAHUIO MPOIECCOB
dbparMeHTalMi U BBISICHEHUIO OCHOBHBIX MEXAHM3MOB OOpa30BaHUS MPOTOHOB U
nerkux ¢parmentoB B m, p,a,C(C)- u p(‘°0,*°Ne)-coynapeHnsx B uHTepBaie
nepBuYHbIX 3Heprui 3—300 3B pelieHbl TOJTHOCTHIO.

Pesynbrarel nuccepTanmoHHONW pabOThl JAOT OOIIMPHBIA AKCIIEPUMEH-
TaJbHBIA MaTepuan Juisi MPOBEPKH aJE€KBATHOCTU TEOPETUUECKUX MOJEIEH H
MOAXO/JOB K mipoOsieme ¢parMeHTauu sAep B aJIPOH- U SAPO-SIEPHBIX
COYIApeHHsIX TMPU BBICOKMX OHHEPTUAX, M MOTYT OBITh HCIIOJIB30BAHBI MPHU
MJIAHUPOBAHUU U MPOBEICHUN HOBBIX SKCIIEPUMEHTOB Ha YCKOPUTEISIX HOHOB.

JlaHHbBIE O ceueHUsX 00pa30BaHUs CTAOUIIbHBIX U HECTAOMIIBHBIX U30TOIOB,
MOJIYYEHHBIX BO B3aUMOJICUCTBUU SJIEp KUCIOpPOJA C MPOTOHAMHU MPU BBICOKUX
SHEPIUsiX MOTYT HAWTH MPUMEHEHUE B KOCMO(DU3UUECKUX U KOCMOXUMHUUYECKUX
UCCJICJIOBAHUSX JUUISi BBIICHEHHSI OCOOCHHOCTEM TMPOTEKaHUsT KOCMOTEHHOTO
HYKJIEOCHUHTE3A.
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ANNOTATION OF DOCTORAL DISSERTATION

Topicality and demand of the theme of dissertation. The establishment of
regularities of fragmentation of relativistic nuclei in interactions with hadrons and
nuclei is one of the fundamental problems of relativistic nuclear physics. Herewith,
the experimental and phenomenological investigations of the processes of
fragmentation of relativistic nuclei in hadron- and nucleus-nucleus collisions,
allowing one to obtain the important information about cluster structure of the
fragmenting nuclei (especially the light ones), its influence on cross-section of
formation and content of fragments, as well as about contributions of different
processes in their yield, play an important role. At collision energies of several
GeV/nucleon, the fragmentation of nuclei is a dominant process accounting for
about 80% of the reaction total cross-section. It is of special interest to study
experimentally the processes of fragmentation of light relativistic even-even
nuclei, such as *C, '°0, and % Ne, because we expect the dominant manifestation
of an a-cluster structure in these nuclei.

We still do not have the answer to the question whether the a-cluster
structure is stationary or dynamic one manifesting itself at some definite levels of
excitation of the fragmenting light nucleus, especially of the even-even nucleus.
The effective method of testing the a-cluster structure of the fragmenting nucleus
is the study of formation of a-particles at different levels of excitation of the
projectile nucleus.

Also, it is of some definite interest to discover the strongly correlated few
nucleon associations and multibaryon clusters in nuclei, existence of which was
predicted by several models based on the quark-parton structure of hadrons. The
solution of this problem is directly related with the experimental investigation of
the processes of formation of particles in the kinematical region, forbidden for the
particles formed in collisions of free nucleons, in hadron- and nucleus-nucleus
collisions at high energies.

Due to above, it is of topical interest to conduct the systematic and complex
study of nucleus fragmentation with identification of all possible fragments and
secondary produced particles, and to measure precisely and determine their
kinematical characteristics in wide ranges of collision energies and mass numbers
of colliding nuclei on statistically rich experimental material to allow one to extract
the new regularities of nucleus fragmentation.

It 1s of demand to obtain the precise data on cross-sections of formation of all
possible isotopes of fragmenting nuclei, necessary for working out and testing the
theoretical models and approaches for description of the phenomenon of nucleus
fragmentation, and also for modeling the interaction of the primary cosmic
radiation with nuclei of atmosphere. Besides, the experimental data on the mean
multiplicity (inclusive cross-sections) of light fragments — protons, deuterons,
tritium and helium-3 nuclei, formed in interactions of relativistic nuclei with
hydrogen are of extreme demand for solution of one of the important problems of
astrophysics — the passage of flux of particles through the interstellar medium.
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Conformity of research to priority directions of development of science
and technologies of the Republic of Uzbekistan. The dissertation is carried out
in accordance with the priority directions of science and technologies
development: the state scientific and technical program of basic researches F2 -
“Physics, Astronomy, Power engineering and engineering industry”.

Review of international scientific researches on dissertation subject.
Study of the processes of fragmentation of relativistic light nuclei and formation
mechanisms of protons, including cumulative and light fragments are held at the
Joint Institute for Nuclear Resear, P.N. Lebedev Institute of Physics and V.G.
Khlopin Radium Institute of the Russian Academy of Sciences (Russia), Lawrence
Berkley Laboratory of University of California and the Department of Physics at
Washington University (USA), the German Federal Ministry on Research and
Technologies (Germany), Physics Department of Lund University (Sweden), the
Institute of Experimental Physics of Slovak Academy of Sciences (Slovakia) and
other research centers that are part of international collaborations EMUO1 and
EMUO2.

The International Collaboration BECQUEREL, based on the Nuclotron of
Laboratory of High Energies of the Joint Institute for Nuclear Research defined
cluster structures of light nuclei (A = 6-12) and their dependence on the mass
number of the fragmenting nucleus and even or odd number of protons and
neutrons in them. Scientists of the Lawrence Berkley Laboratory, University of
California, USA, in interactions of high-energy light nuclei a, °C, '*N and '°0
with light and heavy nuclei determined cross-sections for the isotopes emitted at

angles 8 <0.720.The International Collaborations EMUO1 and EMUO2 tested the

hypothesis of limiting fragmentation and estimated critical energy density for the
implementation of phase transition "liquid-gas" in nuclear matter.

A review of international research has shown that very little experimental
information is received on the priority areas of the internationally conducted
studies in the field of relativistic nuclear physics: The establishment of general
regularities of nuclear fragmentation process; establishment of mechanisms for the
formation of protons in the nuclear collisions. In particular: cross-sections of the
formation of stable and unstable isotopes, as well as the contributions of
intermediate unstable nuclei to the a-particles production cross-section are not
defined. Also, influence of original (cluster) structure of fragmenting nucleus on
yield of isotopes and their composition is not examined and defined contribution
basic mechanisms of formation of protons, including the nature of the origin
(genesis) of cumulative protons is not identified.

Degree of study of the problem. At present, leading international scientists
carried out a large number of the experimental and theoretical investigations
dedicated to the processes of multiple generation of particles and fragmentation of
relativistic nuclei in interactions with hadrons and nuclei, although the set of some
fundamental problems still remains unsolved, including:

In the works of Azimov S.A., Yuldashev B.S., Luptullaev S.L. and Swedish
scientists (Andersson Bo, Otterlund I. and Stenlund E.) proton production in high-
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energy hadron-nuclear collisions was studied. However, the obtained results did
not allow them to carry out detailed studies of protons production and to establish
mechanisms of their formation.

The Russian scientists (Zarubin P.I., Rusakova V., Peresad’ko N.G.,
Artemenkov D.A. and others) have carried out intensive researches on cluster
structure of light nuclei in peripheral collisions with emulsion nuclei. But they
could not determine production cross-sections for all possible isotopes, formed in
fragmentation of nuclei and to establish mechanisms of their fragmentation.

The US scientists (Heckman H.H., Greiner D.E., Lindstrom P.J. and others)
studied production of various a,'°C, '*N and '°0 light nuclei isotopes in collisions
with “Be, °C, “’Al, *Cu, 'Ag and *”’Pb nuclei at high energies by means of
electronic method under small angles of outgoing fragments. Limited angular
coverage in determination of outgoing fragments did not allow them to obtain total
yield cross-sections for these isotopes and to establish more accurately
mechanisms of their production.

Formation of cumulative protons in hadron- and nuclear-nuclear collision was
studied by G.A. Leksin, Yu.A.Bayukov, V.B. Liubimov, D. Armutliyskiy, A.M.
Baldin and others. However, lack of available experimental data and its scattered
character did not allow them to identify mechanisms of cumulative protons
formation in collisions with nuclei at high energies. Thus, formation of cumulative
protons in high-energy hadron-nuclear collisions is not solved yet.

The closest by topic to the studied problems is the dissertation of Olimov K.,
in which general characteristics of oxygen nuclei fragmentation process in
interactions with protons at 3.25 A GeV/c were obtained; multiplicities of single-
and multi-charged fragments were studied without separation by mass; oxygen
nuclei decomposition topological channel cross-sections were determined;
indications obtained showing that the experimentally observed narrow angular
correlations between pairs of a-particles can be a result of production and decay of
non-stable "Be and °B nuclei, although their quantitative contributions to a-
particles production cross-sections were not determined; the isotope composition
of fragments with charges from 1 to 7 was determined, but their formation cross-
sections were not measured. Production of protons including cumulative and light
fragments produced in '°Op-collisions at 3.25 A GeV/c is still to be studied. Also,
oxygen nuclei breakup processes at peripheral collisions with protons were not
studied.

Connection of dissertational research with the plans of scientific-
research works is reflected in the following projects:

2F-1.2.1. “Investigation of mechanisms of fragmentation of relativistic
oxygen nuclei in interactions with nucleons” (2000-2002),

F-2.1.26 “Investigation of the processes of multiparticle generation,
fragmentation and states of a nuclear matter in collisions of hadrons and nuclei
with nuclei at high energies” (2003-2007),

F2-F029 “Investigation of the nuclear matter structure and collective effects
at interactions of hadrons and nuclei with nuclei at high energies” (2007-2011).
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The aim of research is to obtain a qualitatively new and quantitative
information about the process of fragmentation of oxygen nuclei in interactions
with protons at 3.25 A GeV/c and the establishment of the basic mechanisms of
formation of protons, including cumulative in n,p,a,C(C) and p(160,20Ne)
collisions in the range of primary energies 3—300 GeV.

To achieve this goal the following tasks of research were formulated:

improvement of the procedures of identification of protons and positive pions
for obtaining precise data on their multiplicities and kinematical (angular and
momentum) characteristics;

accounting for the losses of various types of particles with short tracks (L<4
cm) in the 2 m propane bubble chamber;

extraction of the separate classes of inelastic interactions in the set of p(C;Hg)
collisions at 4.2 and 9.9 GeV/c, n (C;Hg) interactions at 40 GeV/c, p(NeH,)
collisions at 300 GeV/c, a(C;Hg), and C(C;Hg) interactions at 4.2 A GeV/c;

analysis of multiplicity and momentum spectra of proton fragments in =« , p,
0, C (C) and p(*°0, *°Ne) collisions and determination of contributions of main
mechanisms of proton formation;

investigation and establishment of regularities of formation of light nuclei
with mass numbers A=2 and 4 in '°Op collisions at 3.25 A GeV/c;

study of formation of a-particles, working out the phenomenological models
of determination of contributions of unstable nuclei *Be and °B and excited carbon-
12 nuclei into inclusive cross-section of formation of helium-4 nuclei in '°Op
collisions at 3.25 A GeV/c;

the experimental determination of the cross-sections of formation of stable
and unstable isotopes with the charges 1-8 in '®Op collisions at 3.25 A GeV/c;

the detailed investigation of formation of cumulative protons in interactions
of 1 mesons, protons, *He, and '*C nuclei with carbon nuclei and of protons with
neon and oxygen nuclei at high energies for discovery of the strongly correlated
few nucleon associations and multibaryon states in nuclei.

Object of research is the nuclear processes, induced by hadrons and nuclei at
high energies.

Subject of research is the processes of fragmentation of nuclei, formation of
protons, including the cumulative ones.

Methods of research. An inclusive approach to the formation of particles
and fragments in nuclear interactions at high energies using the methods of
mathematical statistics; the experimental methods of analysis of film information,
obtained from bubble chambers, irradiated by the beams of relativistic hadrons and
nuclear in the strong magnetic field.

Scientific novelty of the dissertational research is as following results done
for the first time:

for the first time, stable and non-stable isotopes formation cross-sections were
precisely measured for isotopes with Z = 1-8 in '°Op-collisions at 3.25 A GeV/c,
and it was shown that mirror nuclei formation cross-sections coincide within
statistical errors;
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mnmn C-, pZONe— 16Op—collisions at 40 GeV/c, 300 GeV/c and 3.25 A GeV/c,
respectively, contribution from major proton production mechanisms was
estimated by means of semi-empirical method. It was demonstrated that these
contributions do not depend on the energies and mass numbers of fragmenting
light nucleus and are sensitive to the type of incident particle (pion or proton);

it was established that the mechanisms of formation of fast protons (p > 0.25
GeV/c) in 16Op, plzC, T °C, pZONe collisions at 3.25 A GeV/c, 9.9 GeV/c, 40
GeV/c, and 300 GeV/c, respectively, do not depend on the primary energy, type of
the impinging particle or the light fragmenting nucleus, as well as the degree of
excitation of the fragmenting nuclei (nuclear scaling);

the main mechanisms of deuteron formation, connected with the fusion of the
cascade nucleons, Fermi breakup of the excited remnant nucleus, breakups of the
comparatively fast light fragments and direct quasi-elastic knocking out the
deuterons from oxygen nuclei by protons, in '®Op collisions at 3.25 A GeV/c were
established;

the cross-sections of formation of the intermediate states of (*Be, °B, '*C*)
nuclei in '°Op collisions at 3.25 A GeV/c and their contributions along with *He,
°Li nuclei to the inclusive cross-section of formation of a--particles were
determined. The contribution of the breakup of the excited '*C* nuclei to the
channel of formation of three a-particles was determined to be (38 £ 3)% of the
cross-section of this channel;

it was proved that the formation of cumulative protons in '°Op, p"°C, = "*C,
p*°Ne, o'*C, and ">C"C collisions at 3.25 A GeV/c, 4.2 GeV/c, 9.9 GeV/c, 40
GeV/e, 300 GeV/e, and 4.2 A GeV/c, respectively, occurs through the collision of
the impinging hadron with “fluctons”, formed as a result of fluctuation of the
nucleon density of a nucleus in its ground state.

Practical results of the research are as follows:

The unique bank of the precise experimental data on cross-sections of
formation of stable and unstable isotopes of oxygen nuclei, the contributions of
breakups of various unstable nuclei to formation of a-particles in interactions of
oxygen nuclei with protons at 3.25 A GeV/c, as well as on contributions of the
main mechanisms of proton formation in hadron- and nucleus-nucleus collisions at
high energies, was created. These experimental data can be used for working out
the theoretical models and approaches for description of the phenomenon of
fragmentation of nuclei, and also for the modeling of interaction of the primary
cosmic irradiation with the atmosphere nuclei. The experimental data obtained on
various characteristics of light fragments — protons, deuterons, tritium and helium-
3 nuclei, formed in interactions of the relativistic oxygen nuclei with the hydrogen,
are also of a practical interest for solving one of the important problems of
astrophysics — a passage of fluxes of particles through the interstellar medium.

Reliability of the obtained results is justified, first of all, by the large
statistics (more than 93 000 events) of the experimental material, the more precise
determination of the charge and identification of particles and fragments by mass,
and also by the measurement with a high precision of their emission angles and
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momenta; application of the commonly accepted statistical methods of analysis of
the experimental data, and also use of both the inclusive and exclusive approaches
for the result interpretation; agreement of the obtained experimental data with the
results of other experiments and main conclusions of the theoretical works,
devoted to the problem of a nucleus fragmentation.

Theoretical and practical significance of the results of research. The
experimental data of the dissertation work are necessary for a creation of the world
bank of the nuclear data, for testing the theoretical models and approaches on
problem of a nucleus fragmentation in hadron- and nucleus-nucleus collisions at
high energies, and can also be used for planning and conducting of new
experiments at ion accelerators. Data on cross-sections of the formation of stable
and unstable isotopes of oxygen nuclei can find its application at astro and cosmic
physics investigations.

Application of the research results. The experimental data on the cross-
sections of unstable nuclei *Be and B and methods for determining the
contributions of these nuclei in the inclusive cross-section for the a-particles were
used within the framework of the International Collaboration BECQUEREL while
modeling and planning the experiment on investigation of the cluster structure of
light nuclei in peripheral interactions of nuclei with nuclear emulsion on the
Nuclotron of the Joint Institute for Nuclear Research (Dubna, Russia) (2009-2011,
number 02-1-1087) (Letters from the Joint Institute for Nuclear Research of
February 6, 2015, and the Academy of Sciences of the Republic of Uzbekistan
number 2/1255-289 of March 9, 2015).

Approbation of the work. Results of research are approved at 10 scientific
conferences, including 6 International Conferences: V International Conference
«Modern Problems of Nuclear Physics» (Samarkand, 2003), III Eurasian
conference «Nuclear Science and its Applications» (Tashkent, 2004), International
conference «Nuclear Science and its Applications» (Samarkand, 2012), XII
International Conference «Physics of High energy, the Nuclear Physics and
Accelerators» (Kharkov, 2014), 64™ International Conference “Fundamental
Problems of Nuclear Physics, Atomic Energy and Nuclear Technologies” (Minsk,
2014), XXII International Baldin seminar on problems of high energy physics
(Dubna, 2014); and at 4 Republic Conferences: «Fundamental and Applied
Problems of Physics» (Tashkent, 2004, 2006, 2013), «Physics in Uzbekistan»
(Tashkent, 2005).

The results of dissertation work were reported at the scientific seminar of
Physical-Technical Institute of SPA “Physics-Sun” (2008, 2009), at scientific
seminar of the Institute of Nuclear Physics (2012, 2014), at the joint seminar of
Physical-Technical Institute of SPA “Physics-Sun” and the Institute of Nuclear
Physics of Uzbek Academy of Sciences (2012, 2015), at the scientific seminar of
the Scientific Research Institute of Applied Physics at National University of
Uzbekistan (2014).

Publication of results. Dissertation is based on 34 published scientific
works, including 18 scientific papers, 6 international publications and 12
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publications at local scientific journals, 13 publications in the proceedings of
scientific conference and thesis, 3 preprints.

Structure and volume of dissertation. Dissertation consists of Introduction,
five chapters, conclusions, the list of the cited literature consisting of 155 items,
two appendices, and contains 182 pages of the main text, 34 figures, and 16 tables.

MAIN CONTENTS of DISSERTATION

In introduction, the analysis of the main results, obtained in the last years
on hadron- and nucleus-nucleus collisions at high energies, for the multiparticle
generation and fragmentation of nuclei is given, and the aim and the main
problems considered in the dissertation work are formulated.

In the first chapter of dissertation, the main characteristics of 1 meter
hydrogen bubble chamber and of a beam are presented, and a brief description of a
methodology of treatment and analysis of film information is given. The brief
description of the experimental material, obtained with the help of 2 meter
propane and 30 inch neon — hydrogen bubble chambers, is also given in this
chapter.

Statistics of the measured events for the considered types of collisions and
primary momenta are shown in table 1.

Table 1
Information about the experimental material
Type of Interaction P,, A GeV/c Total number of events
*Op 3.25 13500
n *°C 40.0 16657
p"*C 4.2 6901
p'’C 9.9 18325
‘He'*C 4.2 12326
2clc 4.2 20530
p*’Ne 300 5000
The total number of events 93239

The second chapter is devoted to the detailed investigation of formation of
protons in '°Op interactions at 3.25 A GeV/c, pC collisions at 4.2 and 9.9 GeV/c,
p*’Ne collisions at 300 GeV/c, aC, and CC collisions at 4.2 A GeV/c (conducted
jointly with the coauthors: Glagolev V.V., Olimov K., Yuldashev A.A., Yuldashev
B.S., etc.).

Analysis of the normalized invariant inclusive differential cross-sections of
formation of protons versus their momentum showed that it is described rather well
by the combination of three Gauss functions:

fp)=amexp(-bp’)+azexp(-bp’) +asexp(-bsp’), (1)
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where q; and b; are fitting parameters.

Figure 1 shows, as an example, the normalized invariant inclusive
differential cross- sections for the formation of all protons, formed in '°Op
collisions at 3.25 A GeV/c, in the system of rest of the oxygen nucleus along with
the contributions of each term given in expression (1).

A solid line (fig. 1) corresponds to the combined contribution of three terms,
pertaining to the proton formation via the «evaporation» mechanism (curve 1),
mechanism of Fermi breakup (curve 2), and the mechanism of direct knocking out
by the target protons or secondary particles (curve 3). The contributions of these
mechanisms proved to be (27.4 + 0.5)%, (32.0 £ 0.6)%, and (40.6 £ 0.7)%,
respectively.
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Fig.1. Normalized invariant inclusive differential cross-sections of formation
of protons in 16Op collisions at 3.25 A GeV/c as a function of momentum

For the protons, emitted into the forward hemisphere, the values of the slope
parameters b, and b; coincide within the statistical errors in '°Op and p*’Ne
collisions. Besides it, for the protons, flying into the forward hemisphere in p'°C
collisions at 4.2 GeV/c, the value obtained for a second slope parameter (b;)
coincided within the statistical uncertainties with the corresponding values
obtained for '°Op and p*’Ne collisions.

Therefore, we can conclude that the mechanism of formation of fast protons,
especially of those emitted into the forward hemisphere, has the universal
character, expressed by its independence from the primary energy and type of the
light fragmenting nucleus.

For the first time, we tested a simple phenomenological model for the
description of proton distributions on their multiplicity in m C interactions at 40
GeV/c and p*’Ne collisions at 300 GeV/c. In this simple model, the main
mechanisms of protons formation are as follows: knocking out the protons by a
projectile particle in the process of multiple scattering on the nucleons of a
nucleus; breakup of the excited remnant nucleus (Fermi breakup), formed after
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intranuclear collisions caused by a primary particle; «evaporation» of the initial
nucleus at the peripheral collisions or de-excitation of many nucleon fragments,
resulted from a decay of the excited remnant nucleus.

Figure 2 shows, as an example, the experimental distribution of protons on
their multiplicity for p*°Ne collisions at 300 GeV/c and the results of calculations
using the above mentioned simple phenomenological model. The model
reproduces very well the experimental distribution of protons on their multiplicity
in p*Ne collisions (3> = 3.8 per 7 degrees of freedom, which corresponds to the
more than 80% level of statistical significance).

P*Ne

P(n))

0,01 |

1E-3 1 1 1 1 1 1 1 1 1 1
0 1 2 3 4 5 6 7 8 9

Number of protons

Fig. 2. Multiplicity distribution for protons in p*’Ne- collisions (@) at 300
GeV/c, solid line — results of approximation by the phenomenological model

In table 2, the final results (taking into account the loss of slow and fast
protons) for the contributions of the above mentioned mechanisms of the proton
formation in 7 C interactions at 40 GeV/c and p*’Ne collisions at 300 GeV/c along
with the corresponding data obtained in '°Op collisions at 3.25 A GeV/c are
presented.

Table 2

Contributions of mechanisms of proton formation in # '>C, '°Op, and

p*’Ne collisions at high energies

Type of Type of interaction

contribution n “C p'°0 p~’Ne
«Evaporation» 0.22+0.01 0.27+£0.01 | 0.28+0.01
Fermi Breakup 0.43 +0.02 0.32+0.01 | 0.31+£0.01
Knocking out 0.35+0.02 0.41+0.02 | 0.41+0.02

One can see from table 3 that, in case of '°Op and p*’Ne collisions, we
observe a practical independence of the relative contributions of different
mechanisms of proton formation from the energy and mass number of the
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fragmenting nucleus. Some differences, observed for these values in m °C
collisions, are probably due to the smaller cross-section of © N interactions, which
leads to the lesser contribution for the mechanism of knocking out the protons.

Therefore, we can conclude, that the fractions of contributions of different
mechanisms of proton formation are independent from the energy and mass
number of the light fragmenting nucleus, but they are sensitive to the type of a
projectile particle (pion or proton).

In the third chapter, the experimental results of investigation of formation
of deuterons, trititum and helium-3 nuclei in '°Op collisions at 3.25 A GeV/c with
the data on correlations between the formation of these nuclei and the yield of the
other types of the charged secondary fragments and particles are presented
(conducted jointly with the coauthors: Glagolev V.V., Olimov K., Lutpullaev S.L.,
Yuldashev A.A., Yuldashev B.S. etc.). In table 3, the mean multiplicities and
inclusive cross-sections of formation of the light fragments with A < 3 are shown
in experiment and CFEM.

One can see that the inclusive cross-section of formation of the deuterons
equals about 20% of the cross-section of proton formation and is approximately
2.4 times larger than the cross-section of formation of the «mirror» “H and *He
nuclei. The mean multiplicity for *H and *H nuclei, calculated using Cascade-
Fragmentation-Evaporation model (CFEM), is =1.4 times smaller than the
corresponding experimental data.

Table 3
Mean multiplicities <ng&> and inclusive cross-sections c;, (mbn) for the yield of
light fragments of 'H,”H,’H, and *He nuclei in experiment and CFEM

Fragment type 'H *H H *He

<ng> (exper.) 1.78 £ 0.02 0.331 £0.007 | 0.141 £0.005 | 0.142 £ 0.005

<ng> (CFEM) 1.75+£0.01 0.249£0.003 | 0.108 £0.001 | 0.152 + 0.002

Gin (€xper.) 5945+£5.5 110.6 £2.3 47.1xt1.6 474+ 1.6

cin (CFEM) 5845+2.2 832+1.2 36.1£0.7 50.8£0.8

Therefore, the mechanisms of formation of “H and *H nuclei, included into
CFEM structure, are not enough for the description of the existing set of the
experimental data for these nuclei.

In the experimental distribution of deuterons on their total momentum in the
rest system of the oxygen nucleus (fig.3), an irregularity is observed in region p =
0.40-0.55 GeV/c, which 1s absent in CFEM calculations.

From the comparison of two spectra, we can conclude that CFEM
overestimates formation of deuterons in region 0.10< p <0.35 GeV/c, and
underestimates the experimental data in region p > 0.4 I'3B/c. Such disagreement is
connected with the fact that the mechanism of fusion of fast cascade nucleons is
neglected in the model.
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Fig. 3. Distribution of deuterons on their total momenta in the rest
system of the oxygen nucleus

To clarify the reasons for appearance of irregularities in the momentum
spectrum of deuterons in region p = 0.40-0.55 GeV/c, we studied separately the
momentum distributions of deuterons, emitted into the forward and backward
hemispheres in the rest frame of the oxygen nucleus (see fig. 4).
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e — for deuterons, moving into the forward hemisphere; o — for deuterons, moving into the
backward hemisphere

Fig. 4. Distribution of deuterons on their total momentum in the system of rest

of the oxygen nucleus

It is visible that the momentum spectrum of deuterons, emitted into the
backward hemisphere, does not have any peculiarity and demonstrates a single
mode character. Momentum spectrum of deuterons, emitted into the forward
hemisphere, is rather hard and the above mentioned irregularity is clearly
expressed in region p = 0.40—-0.55 GeV/c. It can be due to the superposition of two
mechanisms, having the different mean values of momenta. Probably, such an
effect is connected with different mechanisms of formation of deuterons, emitted
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into the forward and backward hemispheres. For formation of deuterons, emitted
into the backward hemisphere, the main contribution is given by the so called
«evaporation» mechanism and mechanism of Fermi breakup. For formation of
deuterons, emitted into forward hemisphere, besides of the above mentioned
mechanisms, there also exist contributions from the mechanisms of fusion of
cascade nucleons, decays of the relatively fast excited light fragments, and also a
direct knocking out the deuterons from the oxygen nuclei, which could be the
reason for a hardness and appearance of irregularities in their momentum
spectrum.

The study of correlations between the yield of deuterons and formation of
other fragments (table 4) shows that, in the events with formation of deuterons, the
mean multiplicity of fragments with Z<4 is larger and those of fragments with Z>5
1s smaller compared to the events with absence of deuterons.

Table 4
Mean multiplicities of fragments in the events with and without deuteron
formation

Charge of fragment

Na 1 2 3 4 5 6 7

0 |1.3720.03 0.56+0.01 h 063+0.003 0.035+0.002 0.07620.003 [0.21620.005 0.247+0.006

>1 [2.47%£0.04 11.0620.02 | (. 1240.01 10.054+0.005 0.067+0.006 0.126+0.008 0.022+0.003

Based on the study of these correlations for the deuterons emitted into the forward
and backward hemispheres, it is shown that mechanism of deuteron formation is
not connected with a presence or absence of the other fragments or charged
particles in an event, which means that the correlations observed are not sensitive
to the mechanism of deuteron formation.

In the fourth chapter, the results of the study of the mechanisms of
formation of “He nuclei in the processes of fragmentation of relativistic oxygen
nuclei in interactions with protons at 3.25 A GeV/c are presented (conducted
jointly with the coauthors: Glagolev V.V., Olimov K., Lutpullaev S.L., Yuldashev
A.A., Yuldashev B.S., Lugovoi V.V., etc.). Special attention was paid to the
determination of contributions of unstable nuclei ’B, "Be and contribution of
excited carbon nucleus in the cross-section of formation of a-particles. The
dependence of inclusive cross-sections and kinematical characteristics of a-
particles on the topology of breakup of oxygen was also investigated.
Experimental data were compared with the results of calculations using CFEM
model and with the predictions of the statistical Goldhaber and coalescence
models.

Aiming to clarify the contributions from different mechanisms of formation of
a-particles, we compared the experimental normalized invariant inclusive

differential cross-section f(T)=Ed’c/dp’ with the CFEM calculations and

predictions of the coalescence model. The CFEM calculations are in a relatively
good agreement within the statistical uncertainties with the experimental spectrum
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in region T<15 MeV. Because CFEM underestimates rather strongly the
contribution from the evaporation mechanism for the formation of light fragments,
an agreement observed in this case leads to the conclusion that the contribution of
evaporation mechanism is negligibly small or absent for a-particles. In region T >
15 MeV, with an increase in the kinetic energy of oa-particles, disagreement
between CFEM calculations and experiment becomes stronger. Theoretical CFEM
spectrum breaks and ends at T < 100 MeV, while the experimental distribution
extends upto T =~ 200 MeV. Such a large disagreement between the experiment and
CFEM calculations is due to neglecting the a-cluster structure of light nuclei and
the contribution from fusion mechanism. In region T > 100 MeV, we calculated the
spectrum of a-particles within the framework of coalescence model using the
experimental proton spectrum. Contribution of fusion mechanism into the inclusive
cross-section of formation of a-particles was found to be 1.44+0.3 %.

Comparison of CFEM calculations with the experimental transverse
momentum distribution of a-particles shows that, although the average values of
the transverse momenta coincide, there exists a fundamental disagreement
between predictions of CFEM and experiment at describing the shapes of the
spectra.

It is known that, according to the statistical fragmentation model, the angular
distribution of fragments with T < 10 MeV per nucleon should be isotropic. While
studying the emission of light fragments (p, d, t and *He) with energy T < 10 MeV
per nucleon, we observed the deviation of the experimental angular spectra from
the above mentioned prediction of the statistical theory. This experimental fact
was interpreted by us as an evidence for existense of an angular momentum of the
fragmenting nucleus.

Our analysis of kinematical characteristics of a-particles, formed in '°Op
interactions at 3.25 A GeV/c, leads to the conclusion that the main part of o-
particles are formed due to the Fermi breakup (statistical mechanism) while the
contribution from the evaporation mechanism remains negligiby small. Role of the
coalescence effect becomes apparent and visible in region of quite large values of
kinetic energies and transverse momenta.

In the channels of formation of 3 and 4 a-particles in '°Op interactions at 3.25
A GeV/c, we carried out an analysis of intermediate states of many nucleon
systems, decaying to a-particles, in particular *Be - o + o and B »a + a + p
reactions.

Also instable nuclei, such as *He and °Li, can be an additional source of
formation of a-particles. The existing experimental data allow us to estimate the
cross-sections of formation of instable isotope °Li, decaying into *He and proton.
This cross-section of lithium-5 formation proved to be s(’Li) = 8.4 + 0.5 mbarn,
which does not differ rather strongly from the values of excitation functions,
obtained by us for stable isotopes.

Based on the invariant mass of three a-particles (fig. 5) and using elaborated
by us the phenomenological model of isotropic phase space, taking into the
account the conservation laws for energy — momentum in '°Op collisions at 3.25 A
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GeV/c, we found for the first time that the contribution from decay of excited '*C*
nuclei into the channel of formation of 3 a-particles was about 38% percent of this
channel and the remaining part of the cross-section of this channel is realized via
the direct Fermi breakup and quasi elastic knocking out the one a-cluster from the
weakly bound remnant nucleus, containing three a-particles.
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Fig. 5. Distribution of excitation energy AE* for a system of three a-particles.

Solid line — background distribution
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While analyzing the channels of formation of 3 and 4 a-particles in '°Op
collisions at 3.25 A GeV/c, we discovered the small azimuthal asymmetry and
collinearity. Naturally, we suggested that that the reason for appearance of
collinearity of momentum vectors for pairs of a-particles could be the decays of
instable nuclei *Be — a + o in their ground and first excited states with the energy
release equal to 0.1 and 3.04 MeV, respectively. We checked this assumption
taking into account the formation and decays of intermediate instable nuclei "Be —
o+ o and B — a + o + p with the help of a phenomenological model of isotropic
phase space. In fig. 6, the distribution on the pair azimuthal angle (g;;) between i-th
and j-th a-particles is presented.
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Fig. 6. Distribution on pair azimuthal angle (g;; ) between i-th and j-th a-
particles. Notation is the same as in fig. 5
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In this figure, our Monte Carlo calculations under the modified
phenomenological model of isotropic phase space with taking into account the
formation and decays of unstable nuclei "Be and ’B as well as the calculations
without their formation are presented.

A good agreement between the calculations and experiment is observed when
taking into account the formation and decays of intermediate *Be and °B nuclei.
The best agreement was achieved at the formation probabilities W(0.1) = 15.4%
and W(3.04) = 6.6% for *Be nuclei, and W(0.3) = 19% for °B nuclei (the values of
the energy in MeV released at the decay of the given nuclei is shown in brackets).

In fig. 7, the distribution on the parameter of azimuthal collinearity (j3;) for
individual acts of '°Op collisions with 3 and 4 o-particles in the final states is
shown.

160

Number of events

Results of calculations by our Monte — Carlo model with taking into account (solid histogram)
and without (dashed histogram) the formation of unstable *Be and °B nuclei

Fig.7. B, distribution for individual acts of '°Op collisions

There are also shown the results of calculations of distributions using the
modified model of isotropic phase space with taking into account and without
formation of unstable *Be and °B nuclei. We can see that the calculated distribution
with formation of unstable *Be and °B nuclei describes satisfactorily the
experimental spectrum (x’=3.88 per 10 degrees of freedom, which corresponds to
more than 95% level of statistical significance). The average values of these
parameters, <B>exper =0.13 + 0.03, <Br>cacwr = 0.13£0.02, also coincided. As
expected, the average value for the parameter [, without taking into account the
formation of the above mentioned nuclei becomes equal to zero: <B,>cieu =
0.004+0.024 at y*=21.56 per 10 degrees of freedom, which corresponds to the level
of statistical significance less than 2%.

Therefore, we can conclude that the azimuthal collinearity observed in
experiment in the channels of formation of 3 and 4 a-particles is due to decays of
the intermediate unstable *Be and °B nuclei.

On the basis of approximations by Gauss functions of the momentum spectra
versus x (x=1/p) of stable fragments and also using the results of the above
mentioned procedures for the determination of contributions of unstable nuclei
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with decay modes, we determined the cross-sections of formation of all the stable
and instable nuclei with Z=1-8 in '°Op collisions at 3.25 A GeV/c, presented in
table 5.

From table 5, we can see that the largest inclusive cross-section of formation
of multicharge fragments belongs to the o-particles, and also that the cross-
sections of formation of the «mirror» nuclei with mass numbers differing by
AA = %1 from the basic mass number (A=2Z) coincide within the statistical
uncertainties.

Table 5

Cross-sections of formation of the stable and unstable isotopes in '°Op

collisions at 3.25 A GeV/c (mbarns)

Z A o+ Ao Z A o+t Ac
'H 594.5+5.5 B 570 +0.29
1 ‘H 110.6 £ 1.3 5 B 10.6 + 0.4
H 450+ 1.6 B 109+0.4
‘He 454+ 1.6 ’g 0.51 +0.42
5 :He* 164.0+ 1.9 fc 1.77+0.8
He 8.40 + 0.50 C 9.18+0.76
°He 1.03 +0.23 ¢ e 26.3+0.8
i 8.40 = 0.50 2c’ 9.80 + 0.80
; °Li 19.0+£0.8 B 9.48 £0.76
Li 10.6 £ 0.8 Hc 3.68 £0.76
*Li 4.80 +0.76 BN 9.40 + 0.79
Be 10.3+0.5 7 "N 26.1 0.8
*Be’ 7.63 +0.37 PN 30.3+0.8
4 ’Be 6.15+0.52 1‘5‘0 2.85+0.70
10 8 0 31.1+0.7
Be 0.89+0.52 5 30507

“unstable and excited states

In the fifth chapter, the results of systematic investigations of the processes
of formation of the cumulative protons are presented and conclusions are given
about the preferable scenario of their formation in '®Op collisions at 3.25 A GeV/c,
n C collisions at 40 GeV/c, pC interactions at 4.2 and 9.9 GeV/c, *HeC and CC
collisions at 4.2 A GeV/c, and also in pNe interactions at 300 GeV/c (conducted
jointly with the coauthors: Lutpullacv S.L., Olimov K., Yuldashev B.S., Petrov
V.1, Bekmirzaev R.N., etc.).

In figure 8, as an example, the inclusive cross-sections of proton formation in
the dependence on the cumulative number 3 for B > 1.2 in CC and ©t C collisions at
the momenta of 4.2 A GeV/c and 40 GeV/c, respectively, are given. Figure 9
presents the invariant inclusive cross-sections for the formation of cumulative
protons in p’Ne and '®Op collisions. The results of approximation of the
experimental data by the below expression are given by the straight lines:
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f(B) = aexp(=bP). )

Results of approximations of all the experimental data for proton distributions
versus value B by the expression given in (2) are shown in table 6.

From table 6, one can see, that the values of the slope parameter b coincide
within the statistical errors for all the considered types of collisions and primary
energies. The value of b averaged from all the considered collisions proved to be
8.1+0.1.

do/dB, mbn
1000

100

0,1 s 1 s 1 s 1 s 1 s 1 s 1 s 1
1,2 1,3 1.4 1,5 1,6 17 1,8 1,9

p

(®) — for  C collisions at 40 GeV/c and (o) — for CC collisions at 4.2 A GeV/c. Straight
lines — the results of approximation of the experimental data by the relation given in (2)

Fig. 8. Inclusive cross-sections of formation of protons as functions of the
cumulative number

It is interesting to mention that not only the invariant inclusive cross-sections
of formation of cumulative protons versus the cumulative number 3, but also the
distributions of protons on 3 have the similar exponential character.

Table 6
The values of the slope paramater obtained using approximation given in (2)
along with the types of collisions and the number of events

Type of Numbe Slope

interaction, r of parameter, | y*/n.d.f.
P,(I'xB/c) events b
n C,40.0 16657 | 8.18£0.26 1.1
pC, 4.2 6901 | 8.09+0.49 1.0
pC,9.9 18325 | 8.10+£0.25 0.9

‘HeC,4.2 A | 12326 | 8.00+0.28 1.2
CC,42 A 20530 | 8.14+0.20| 04
"®Op,3.25 A | 12367 | 8.13+0.21| 04
p*°’Ne,300 4990 | 799+0.18| 0.8
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Therefore, one can conclude that the mechanism of formation of the
cumulative protons do not depend on the type of projectile and the primary energy.

E*d’s/dp®, mbn*GeV *c*ster”

§

Straight lines — the results of approximation of the experimental data by the expression
given in (2)
Fig. 9. Invariant inclusive cross-section of cumulative protons formation
depending on the cumulative parameter p for p>’Ne (o) and "*Op (m) collisions
at high energies

Approximation of the A dependence of the mean multiplicity of the
cumulative protons by the expression <ng,> = a + A* (where A — mass number of
the fragmenting nucleus, a and a are fitting parameters) gives the values a = —0.41
+ 0.0l and a = 0.15 £ 0.01 at the more than 99% confidence level. At
approximation by the expression <n.,,> = a + Z* the values of the parameters are
equal to a = —0.32 + 0.01 and a = 0.17 £ 0.01 also at the more than 99%
confidence level. For both the approximations, the values obtained for the power
degree are close to the value 1/6, which differs significantly from the value 1/3,
specific for the A dependence of the average multiplicities of all the protons. Since
formation of the cumulative protons is connected with the number of fluctuations
of the nuclear density, which is proportional to the variance of the average
multiplicity, then, in the «tube» of the fragmenting nucleus of a size ~ A'”
interacting with an impinging particle, the number of such fluctuation will be
proportional to <n>'"? with the average number of the cumulative protons being
proportional to ~ A"®. In the given case, the character of A dependence confirms
the scenario of «cold» formation of the cumulative protons, based on the existence
of fluctons. The other strong argument supporting such a scenario is an
independence of the fraction of cumulative events from the mass number of the
projectile particle or nucleus. The numerical values for these fractions are
presented in table 7.

From table 7, it follows that the fractions of the cumulative events are
independent from the mass number of a projectile particle (proton or nucleus) for
the target with the same mass number A. These data show the sensitivity of these
fractions to the type of a projectile particle (pion or system of baryons).
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The first circumstance shows the possibility to combine the number of events
with the cumulative protons in different ensembles given for the calculation of
their average fraction for the baryon systems (for p'°C, o'°C, and '*C"C
collisions). In our case, this value is equal to (10.0 = 0.1)%. Independence of the
fraction of events with the cumulative proton on the size of a projectile baryon
system can point out the dominant role of the single interactions of the impinging
particles with fluctons, which numbers are constant according to «cold» model in
our case (the same target nucleus). Since the interaction of the colliding objects is
the single folded, then its characteristics will be influenced by the properties of the
primary particles (for example, their quark composition). In this sence, it is
interesting to consider the ratio of the cumulative events for pions and baryon
systems. It is easy to see that this ratio equals to 0.66 = 0.02, i.e. 2/3, which
coincides with the ratio of the numbers of valent quarks for pion and proton
pointing that the cumulative processes proceed on quark parton level.

Thus one can conclude that the dependence of the invariant inclusive cross-
sections of formation of the cumulative protons on the cumulative number B has
the universal regularity, expressed in its independence from the primary energy
and mass of the fragmenting nucleus. Based on the study of correlations between
multiplicities of secondary particles and fragments and formation of the cumulative
protons we established that the mean multiplicities of the secondary particles and
fragments correlate with the yield of cumulative proton, but are independent within
the statistical uncertainties from the value of the cumulative parameter  of a
proton.

Table 7
Fraction of events with the cumulative protons as a function of the type of
projectile particle or nucleus

Type of The total The number of Fraction of events
interaction, number of events with with the cumulative
P,, GeV/c events cumulative proton proton, %

n C, 40.0 16657 1097 6.6 +0.2
p"C, 4.2 6901 699 10.1 + 0.4
p"C, 9.9 18325 1825 10.0+0.2

‘He'’C, 4.2 A 12326 1211 9.8 +0.3
2cC, 42 A 20530 2070 10.1+0.2
"*Op, 3.25 A 12367 1496 12.1+0.4

p**Ne,300 4990 728 14.6 £ 0.6

CTa, 4.2 2440 1013 415+15

In appendixes, the description of the algorithms of the modeling the decays
of oxygen nuclei on 3 and 4 a-particles in the framework of the isotropic phase
space model are given. There the algoritm for calculating the contribution of the
excited '°C nucleus into the channel of formation of 3 a-particles is also presented.
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CONCLUSION

1. For the first time, under 4 acceptance conditions, a systematic analysis for
the formation of proton fragments was carried out in '’Op collisions at 3.25 A
GeV/c and it was shown that:

eshape of momentum spectrum of protons at p>0.25 GeV/c (except
«evaporated» ones), emitted into the front hemisphere in the system of rest of the
fragmenting nucleus, does not depend on the degree of the nucleus excitation;

e shape of momentum spectrum of protons, moving into the back hemisphere
in the system of rest of the fragmenting nucleus, is strongly correlated with its
degree of excitation;

e an irregularity observed in the spectrum of kinetic energy of fast protons in
the region of T=70—90 MeV in the oxygen rest frame is shown to be due to the
decay of two nucleon system after absorbing the slow pion;

e the basic mechanisms for the proton formation (“evaporation” mechanism,
mechanism of Fermi decay of the excited remnant nucleus, and mechanism of
direct knock out of protons at the process of cascading) were identified and their
statistical weights (contributions) estimated to be (27.4+0.5)%, (32.0+0.6)%, and
(40.6+0.7)%, respectively.

2. Based on an analysis of the normalized invariant inclusive differential
cross-section of the proton formation in '®Op interactions at 3.25 A GeV/c, p'°C
collisions at 9,9 GeV/c, 1 '*C interactions at 40 GeV/c, and pZONe collisions at 300
GeV/c the conclusion was made that the mechanism of fast proton formation,
especially those moving forward, have an universal character, expressed in its
independence on the primary energy and type of impinging particle or the light
fragmenting nucleus.

3. For the first time, a three stage phenomenological model for the analytical
description of distribution of proton multiplicities in © C collisions at 40 GeV/c,
p**Ne collisions at 300 GeV/c and "°Op collisions at 3.25 A GeV/c was developed
and the contributions for the main mechanisms of proton formation -
«evaporation», Fermi decay and direct knocking out of by the primary proton and
secondary particles were determined. It was established that these contributions are
independent from the energy and mass number of light fragmentation nucleus, but
are sensitive to the type of projectile particle (pion or proton), i.e. to the number of
its valent quarks. It is necessary to point out that the values of these contributions
(fractions) for p**Ne-collisions at 300 GeV/c and '°Op collisions at 3.25 A GeV/c
coincide within uncertainties with the values determined from an analysis of the
invariant structure function of protons, formed in '°Op interactions at 3.25 A
GeV/c.

4. In the momentum spectrum of “forward deuterons” in the system of rest of
the oxygen nucleus in the region of 0.40 < p < 0.55 GeV/c a shoulder was
observed, which could be due to the fusion mechanism of fast cascade nucleons,
decays of the relatively fast light fragments, and also due to the direct quasi elastic
knocking out of deuteron from the oxygen nucleus by the primary proton. Average
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multiplicities of fragments correlate with availability of a deuteron in an event, but
are independent from mechanism of deuteron formation. Coalescence model
describes successfully the momentum spectrum of fast deuterons and a-particles.

5. A systematic comparison of experimental data on oxygen nucleus
fragmentation in '°Op collisions at 3.25 A GeV/c with the CFEM model
predictions was made. It was shown that for the realistic description of a nucleus
fragmentation processes in hadron-nucleus collisions at high energies it is
necessary to take into account the contribution of “evaporation” mechanism (even
for such light nuclei as '°0), mechanism of fusion of fast cascade nucleons, and
also an a-cluster structure of light nuclei in the CFEM model. The necessity for
taking into account the small angular moment acquired by the fragmenting nucleus
was proved.

6. Formation of o-particles in '®Op reactions and in different topological
channels of oxygen nucleus disintegration was investigated, and their momentum
and angular spectra were analyzed. Phenomenological models of formation of a-
particles through breakup of intermediate nuclei *Be, °B and excited nucleus '*C”
were worked out and tested. In particular, it was established that:

e dominant channel of multifragmentation was a disintegration of oxygen
nucleus with emission of helium nuclei, part of them being the products of decay of
short - lived °Li, *He, "Be, ’B, and "*C* nuclei;

e in the channels of formation of 3 and 4 a-particles, a collinearity caused by
decays of the instable *Be and ’B nuclei was revealed;

e for the first time, the contributions of the channels of decays of *Be and °B
nuclei and that of the excited "?C* nucleus into the inclusive channel of formation
of a-particles were established quantitatively;

e contribution of the excited nucleus '?C* decays into the channel of formation
of 3 a-particles was proved to be about 38% of the cross-section of this channel, and
the remaining part of the cross-section of this channel was realized through the
direct Fermi decay or quasi elastic knocking out of a single a-cluster from the
weakly bound remnant nucleus, containing three a-particles;

e from the analysis of the angular spectrum of two-, three-, and four-nucleon
fragments, the hint on the existence of an angular moment of the fragmenting
remnant nucleus was obtained; the effect became more intensive at the transition
from the lighter to the heavier fragments.

7. For the first time, under the conditions of 41 acceptance, cross-sections of
formation of stable and instable isotopes with charges Z=1-8 in '°Op collisions at
3.25 A GeV/c were measured. It was shown that cros sections for the formation of
“mirror” nuclei with mass numbers, differing on AA = £ 1 from the basic mass
number defined as A = 2Z, coincided within statistical errors. The cross-sections
for the yields of instable isotope °B and its “mirror” stable isotope ‘Be also
coincided within statistical uncerainties. A regularity observed can also be
extended to the mirror nuclei (N, "°0), formed as a result of a loss of one nucleon
by initial '°0 nucleus in the peripheral collisions with target protons.
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8. For the first time, the formation of cumulative protons in '°Op interactions
at 3.25 A GeV/c, puC collisions at 4.2 GeV/c and 9,9 GeV/c, m *C- interactions
at 40 GeVl/e, pZONe collisions at 300 GeV/c, and in o'*C and "*C'C collisions at
4.2 A GeV/c was studied in detail and it was shown that:

e the values of a slope parameter for the distributions of invariant inclusive
cross-sections of formation of the cumulative protons depending on the cumulative
number 3 showed the universal character («nuclear scaling »), expressed by their
independence from the type of projectile or target and the primary energy;

e an independence of the mean multiplicity of the cumulative protons in
cumulative events from the same target nucleus on the primary energy and type of
a projectile was established. It was shown that formation of cumulative protons
proceeds predominantly through the «cold» model scenario. The argument for this
version of scenario is based on the independence of the fraction of cumulative
events on the mass number of a projectile nucleus or particle.

¢ an absence of correlations between mechanisms of formation of cumulative
protons and secondary particles and fragments was revealed;

9. An independence of mechanisms of formation of light fragments was
established. The correlation phenomena observed in experiment are the
consequences of conservation laws for energy — momentum, electrical and baryon
charges in the processes of fragmentation of nuclei.

The main framework of the researches conducted in the dissertation is the
systematic and complex study of the processes of fragmentation of light nuclei in a
wide range of primary energies with the use of a single methodology. The
overwhelming majority of the results, included in this thesis, were obtained for the
first time, and these data allow for a deeper and more detailed understanding of
characteristics and properties of nuclei, fragmenting under an action of high energy
particles and relativistic nuclei.

The problems, set in the dissertation, on complex experimental and
phenomenological study of fragmentation processes and establishement of the
dominant processes in formation of protons and light fragments in the @, p, a, C
(C) and p ('°0, **Ne) collisions in a range of primary energies 3—300 GeV were
fully solved.

Results of the dissertation work give a wide practical material for the test of
theoretical models and approaches at investigation of problems of fragmentation of
nuclei in hadron- and nucleus-nucleus collisions at high energies and can be used
for the development of the theory of strong interactions, and can also be used for
planning and carriying out the new experiments on the ion accelerators.

Data on cross-sections of formation of stable and unstable isotopes produced
in interactions of oxygen nuclei with protons at high energies, obtained in the
present thesis, can find their application in space physics and cosmochemical
studies for determination of characteristics of the processes of cosmogenic
nucleosynthesis.
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