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06~AFI XAPAKTEP~CT~KA PA60T~ 

AKTyan1:>HOOTb. Kanop14M8TpHA 3&Hl4MaeT L\8HTpanbHOe MecTo B MSTOAl"Ke 

3KCnepHM8HTOB cf:l14314Kl4 BblCOKl4X 3H9pntiil nocilSAHero. ASCATl4Jl9T"1A 6narogapA 

CI18AY10Ll.llllM OCHOBHblM AOCT014HCTBaM: 

a) c noABI18Hl49M HOBblX ycKOp14TSJ19iil nopAAOK 3Heprniil A9T9KT14pyeMblX 

"laCTl4L\ B03poc OT 10 AO 100r3B. 06nacTb 3HeprHiil B 14ccnegoeaHl4AX KOCM11149CKIAX 

ny4eiil - 102+105T38. c poCTOM 3Hepr1414 OTHOCl4T9flbHaA owi-iOKa IA3MepeHHA 

3H9pr14H Kailop14M9Tp1449CKl4M M9TOAOM yM&HbW88TCA KaK O'E - c~~t ' B OTI1144He 
E 1E 

OT M9TOAOB MarHlllTHOro aHaJlH3a 14 H3M9p8Hl4A TpeKa 4aCTl4L\bl, rge O'p =canst. p. p 

0) np14 OnTl4MaJ1bHOiil nonepe4HOiil 14 npOAQilbHOiil cerMeHTaL\14111 Kailop14M9TpOB 

MO>KHO BOCCTaHOBl"1Tb KOOpA14HaTbl H yrni.1 Ha"laJlbHOiil 4acT1AL\bl. ,0,Jll4Ha 

Kailop14MeTpa c pocTOM 3Heprn14 yeeJ114414BaeTCA Ill4Wb norap14cjJM144SCKl4: 

L(95:C) :3tmex = 31 BOA Ing_ AflA sneKTpoMarHl4THblX nl4BHeiil 14 
z2 r. 

L(95~) = tmex + 2.5A.1nt ~ [3.2 + 0.21nE(rsB)]·48A0.25 AilA 8APOHHblX 

IlHBHSiil, I 

B TO epeMA KaK AI1A TpeKOBblX geTeKTopOB npogOI1bHbl8 pa3MSpb1 pacTyT KaK 

VP n.p11 aaAaHHOiil T04HOCT"1 143MepeHl"A 3Heprn1-1. 

a) Kanopl4MeTpi.1 o0ecne414BatoT AOCTaT04HO Wl4pOKIAiil (2 - 3 nopAAKa 

eenl4"114Hbl) Al4anaaoH 143MepeHl4A 3HeprnM. 

r) Kanop14M9Tpbl no3BOI1AIOT AOCTaT04HO xopowo MA9HTMcp14L\"1POBaTb 

3fl9KTpOHbl, <>P,pOHbl !1 WOOH\ol no pa3I11!14MIO B npocTpaHCTBSHHOM pacnpegeJ19H"11" 

3H8prOBblA9Il9Hi-1A. 
A) KaI1opMM1nr,b1 01.::rnonntoT paOoTaTb c ei.1c0Koiil 4acT0Toiil noerop•-<"t'fl 

B3alAMOA9MCTBl4iil (>10°c-•), "' g, TO >Ke epeMA OHM Jl03BOflAIOT OCYLl.l9CTBMT':­

Bbl00p04HYIO perncrpal.!,MIO OTHOCMT9IlbHO pegKO BCTpe4alOL1jJ.1XCA COOblTMH np1-1 

noMOLl.llA 11x Tono11orni.1 (cTpy11 11n11 s11eKTpoHbl c 6onbwoiil nonepe4HOiA 3HeprnAv;, 

cOOblTIAA c H9AOCTalOLl.l8iil nonep84HOH 3HeprneiA IA T.n.). 

------.!) 3aM8THaA gonA 3H8pr14M B38MMOA9MCTBYIOLl.IMX 48CTML\ YHOCMTCA 
. ' 0 HeMTpail~MM 48CTML\8MM (y, v, v, n, l'f, KL), KOTopb19 HS3aM8THbl AflA TpeKOBblX 

KaMep "' MO 0b1Tb 3cpcp8KTIABHO A8T8KTMpOB8Hbl TOflbKO B Kailop1AM8Tpax. 

CoepeM8H naHopaMa cp1A3MKM BblCOKIAX 3H8prHiil T8KOB8, 4TO rpaHAM03Hbl~-

aH&fllolTM48CKM8 n egcTaeneHHA no3aont110T y4MTblB8Tb c 6onbWOM T04HOCTbk­

TOH"l&iAWlll9 scpcp•K bl, a 3KCil&plllM8HT8IlbH8A' annaparypa CTaHOBMTCA BC8 00118£ 

6onee CJlOlKHOiil (H goporocTOAL1.18iil), 14M8A CB08M L18I1bl0 nony"l&HM8 K&K MOl!h( 

6onbweii MHcpOP, a1.11111i1 111 ee 01o1cTpoii o6pa6oTKH. 3Ta c1i1Ty&1.4MA no6y>KAar 



HCCfl9AOBaHllllO Ill 003AQHllllO annapaTypHblX cpeACTB, AQIOIJ.llllX B03MO>KHOCTb np111 

noMOIJ.lfll 1eop111111111 MOA8m.tpoaaHHfl aoonpo111:aaeci1i1 aHanor1111.1Hwe :aq,cpeKTi.1. TaKoe 

MOAen111poeaH111e ner1.1e aoero ocy1.11ecTBlllTb M8TOAOM MoHTe-Kapno. MeTOA MoHTe­

Kapno AaeT eoaMOlKHOOTb M0Aen1i1poaa1b mo6oitt cny1.1aittH1t1H npo4ecc. B 3TOM 

CMblCne M8TOA ABnAeTCR no cynt 4HCneHHblM 3KCnepMM8HTOM, B KOTOpOM, 

111cnonb3YA fll3B9CTHbl9 anroplllTMbl nony1.1eHMfl cny4aHHblX l.IMOBn Ha 3BM c 
3aAaHHblM pacnpeAeneHflleM, MOlKHO C03AaTb MaTeMaTH48CKYIO MOA8flb ABHHOrt­

cpi.t3H48CKOro npou,ecca, KOTopaR B npeAenax npHHRTblX np1116nflllKl!_HHH 6yABT 

3KBlllBaneHTHa peanbHOMy. 

Bi.1we1<13no)l(eHHoe noATBep)l(AaeT aKryan1ouocri. Kanop111Me1pr.111 111 

MOAen111poeaH111A MeTOAOM MoHTe-Kapno e i.tccneAoBaHlllAX no cp1113111K& ei.1coK111x 

aHepri.tit 

l.l•nb ,qHcoepraq11ouHoii pat5on.1: 

1) ,QeTanbH09 "'CHCT&Marn49CK09 HCCfl8AOBaHfll8 OCHOBHblX xapaKT9pHCTlllK 

aApOHHblX KacKaAOB B Kanopi.tMeTpax ycTaHOBOK m10H, AHll1, AHll1-MaKeT 

(BblCOKoropHaA CTaHU,fllA Aparau,, 3250M), a TaK>Ke B pa3flfll4HblX nornOTlllT8flAX - u, 
Pb, Fe, Al, 6eroH, aproH M B03AYX; 

2) lortccneAOBaHH8 B03MOlKHOCTH OnTlllManbHOro BblCiopa TOfll.J.IHHbl COOR 

MMWBHM, np111 3aAaHHOM 1.1111cne cnoee, . 003BOflAIOIJ.laA MaKCMManbHO nOBblCMTb 

CTaTHCTMl.IBCKYIO TOl.IHOCTb M3M8p8HlllH npoCiera Heynpyroro B3aHMOA8HCTBHA 

aJV>OHOB BblCOKOM 3HeprMM. 

A•TopaM RlfCOllPTIJl4Mll ICOHKpflTlf'! &.!no swnonHeHO cneAY10IJ.lee: 

- npoeeAQHO W>A&nHposaHlffl a,qpoHHblX KaCKaAOB npM l10MOl1'M nporpaMMbl 

MARS 1 o .. PeaynbTaTw conocTaaneHw c puHWMM Kanop14MeTp1111.1ecKHMM 
. . •\ ' 
3KcnepMM8HTaJ1bHblMM A&HHblMM, nony48HHDIMM Ha ycKopMT&nflX M B KOCMHl.l&OKMX 

tlfi:iax, ~ nonyiteHO xq>owee cornaclllB. -
- ~ aH&PreTM"'8cttOM MHTep'sane.0.3T20TaB AQTanbJK) MCCJ18A088Hlol opeAHM8 

Jl~-abTUKM ~HW~ ~' MHMl4MMp0BaHHb18 tl>OTOH&MM1 HeMTpoH&MM M 

nMNMtl. UJlaPat{;: nOOt-i.. '• ... 
• ·lj i~riitf~OI dlf-r~aine 1-r100T-e8 .~Hlol npoTOHHW& 

. ni.taHM I IW!dft~ Nii dAf.wUAaR8i. H~~ aPeAMM .... KTllpllOTMKM 

•APOHHlolX ltUllAAll M utl8fdfilil ~HHOCTM J+rifX a1<onepMM8HTAn .. HWX 

ycTaHOlOK, B •TOM Ill lfit,flf~· lffH'fll'h' ntsou-HO TpeXMepH09 

MOAenMpoaaHM• npofOMMOfO .ftMIHfi I •t-lfil lirillOT., i(o rnyGMHW 

. ~MHTMMfl"MOHHOl"O KClapA (t15r/OMI) ........... fllltHOi ••rc;jwAfl'tMM M 

'TpaHOTUHH09 paol'lpQ8MHM8 9itlpr'CllWAWllllll I HIM. _ 

41Hepr8TM'48CIKOM MHTepaaM 0.1+20T•B npoMOAe~IHlol M MOO.I'll ..... 
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cpeAHHS xapaKTep111crnK111 a.APOHHblX KacKaAOB e nornornT~nAx r.t3 U, Pb, Fe 111 Al. 

- ~ccneAOBaHa CTaTr.tCTH48CKaA T04HOCTb 04eHKH npoCiera Heynpyroro 

B3aMMOA6·HCTBflls;I aApOHOB BblCOKOH 3H8prHr.t no pacnpeA8fl8HHIO T049K 

B3aMMOA6HCTBHA B lllA&anH3HpOBaHHOM cny1.1ae 6eCKOH94HOH "HenpepblBHOM" 

MHW6HH H B cny4ae cnOHCTOH MHW9Hfll. 
Hay11uaR H08M3Ha. Bnepsi.1e A&TanbHO npoMOAen111posaHo 1pexMepHoe 

pa3BMTM9 aApOHHblX KaCKaAOB B Kanop111MeTpax ycTaHOBOK n~OH, AH~. AHll1-

MaKeT npr.t noMOIJ.IH nporpaMMbl MARS 1 O. nony1.1eHi.1 napaMeTp111aaL\HH 

npOAOflbHOrO r.t nonepe4HOrO npo¢>111neitt aApOHHblX flHBH8H, MHML\HHpoBaHHblX 

npOTOHaMH, H8HTpOHaMfll r.t 3apA>K9HHblMr.t nr.tOHaMfll B KanoplllMBTpe ni.rtOH. ,QnA 

nonepe1.1Horo npo<t>MnA npeAno>KeHa HoeaA napaMeTp111aau,r.1A, KoTopaA xopowo 

on111ci.1saeT AaHHble e w111poKoM 111HTepsane aHepr111i:i (300r3B+20T3B) 111 pQA111ycoe 

(0.5cM+150cM): Bnepsi.1e 4111cneHHblM MoAen111poeaH111eM ou,eHeH npOHoc 3Heprn111 111 

4KCna 4aCTHl4 1113 Kafl0pHM8TpOB ycTaHOBOK ni.rtOH, AHll1, AHlort-MaKeT. BnepBb18 

4HCfl8HHblM MOA8flHpOBaHfll8M nony1.1eHbl noTOK H 3HepreTH48CKH8 cneKTpbl 4aCTlllU, 

an1o6eAO (H8HTpOHOB, npoTOHOB H nHOHOB). 
8 WHpOKOM HHTepsane nepBH4HOH 3H8pr111H (1t3B+100T3B) H aTOMHoro 

HoMepa nornornrenA (U, Pb, Fe, A 1 , CieToH, aproH, B03AYX) TpexMepHo 

npoMOA8fllllpOBaHbl 8.APOHHbl9 KaCKaAbl K HCCn&AOBaHbl cpeAHf/18 xapaKTeplllCTHKM 

a1111x n111eHei:i. AnA nonepe4HblX npoqi111nei:i WAn B cu,111HTHnn11u,1110HHOM Koepe 

aKcnep111MeHTanbHOro KOMnneKca AHll1 nony1.1eHa annpoKc111Mau,r.toHHaA cpopM}'na. 

. Bnepsi.1e noKa3aHa eoaMo>KHOCTb onTHManbHOH cerMeHTaL\r.tH M111weH111 AflA 

r.t3MepeHHA A.in· 
Hay11HaR H · npaKTHllBCKaR qeHHOCTb npoeeAeHHoro 111ccneAoeaH111R 

onpeA8flA8TCA TeM, 4TO 
1) AnnpoKcr.tMa41110HHbl& cpopMynbl r.t napaMeTp1113aL\HH , a TaK>Ke APYr~e 

peaynbTa1i.1 u,111Kna pa6oT aeropa AHCCepTau,111111 no MOAen111poeaH11110 aApOHHblX 

KaCKQAOB MoryT 6b1Tb fllCOOflb30BaHbl npK o6pa6oTK8 HH<jlopMaU,lilH c A8HCTBYIOUIMX 

ycTaHOBOK (e 4aCTHOCTfll n1110H-a, AHll1-MaKeTa) H np111 nnaHlllpOBaHHH Ill 

011Tr.tM1113aL\HH HOBblX (B 1.1acTHOCTH, 3Kcnep111MBHTanbHoro KOMnneKca AH~); 
~ 

2) Bi.111sneHbl B03MOlKHOCTH Ha npaKTHKB si.14111cnATb Ar.tcnepcr.tio D (A.) 111 

• CMelJ.leH111e ·b(A.) MMn-04eHoK npoCiera Heynpyroro saa111M0Aei:tc1a111A aApoHOB, 

H000Ilb3YA HX aHaflHTM1.19CKM9 Bblpall<9Hr.tR. 
Anpo6aqHR pa6orw. HacTOAIJ.laA AHccepTaL\MA Han1i1caHa Ha ocHo&aHHH 

pa6oT, a·1o1nonHeHHblX B 0TA8fl9 KOCMllll.ISCKIMC nyYeH EpeaaHCKOrO cpr.t3H49CKOrO 

MHCTHTyra. Pa6oTbl, BOW8AWH9 B AMCC8pTaL\HIO, AOKnaAblBanHCb Ha Hay1.1HblX 

ceMMHapax Ep<l>~, BcecoioaHblX paCio1.11i1x cose1.11aHr.tAX AHll1, BcecoioaHoi:i(1991} M 
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MelKAYHapOAHOH(1990) KOHcpepeHL\IAAX no KOCMIA49CKMM ny4aM. 

ny6nHK41..1HH. no pe3yflbTaTaM AIACCBpTaL\IAM ony6nlAKOBaHO 11 pa6oT 

(cnlACOK B KOHL.le aBTopecjlepaTa). 
OllbeM ,qHocspraqHH. A1o1ccepTaL1MR cocTolAT IA3 BBBABHIAR, 4BTb1pex rnae, 

BblBOAOB IA 3QKfll049HIAR. 

KPATKOE COAEP>KAH"1E AlllCCEPTAUllllll 
Bo BBB/:4BHHH AaBTCR KpaTKIAH 0630p coepeMeHHOro COCTORHIA~R npoOneM, 

3aTpOHyTblX B AMCCBpTal.llAM, o0cy>KAQ9TCR IAX aKTyanbHOCTb, Hay4HQR HOBIA3Ha IA 

npaKTIA48CKaR L\SHHOCTb npoBBABHHblX 4MCfl8HHblX M aHafllATIA48CKIAX Bbl41ACfl9HIAH. 

nplABOAIATCR KpaTKOB OnlACQHIAS OCHOBHOrO COABplKaHMR AIACCSpTaL\IAIA. 
B nepsoR rnase AaH KpaTKIAH o63op ocHoBHblX xapaKTep111cTMK 

3fl8KTpoMarHIATHblX Ill QAPOHHblX cneKTpOMBTpOB nonHoro nornOUISHIAR IA OCHOBHblX 

nplAHl.lMnoe ABYX noAXOAOB (aHanoroeoro M eecoeoro) MOAen111poeaH1AR aApOHHblX 

KaCKaAOB MSTOAOM MoHTe-Kapno. np1ABBA9Hbl nepe48Hb IA KpaTKIAS aHHOTal.llAIA 

HblHB HaXOARUIMXCR B oOIAXOAB MOHTe-KapnoBCKMX nporpaMM no MOABnlApOBaHIAIO 

3neKTpoMarH1ffHblX IA aApOHHblX KacKaAOB. ConocTaeneHbl pe3ynbTaTbl Bbl41AcneHIAH 

no nporpaMMaM MARS 10, CASIM IA FLUKAB2, a TaKJKe ycKopMTBnbHble AaHHb1e .• 

npeABap1AT9flbHO 6b1na MCCflBAOBaHil. A0CTOB8pHOCTb pB3YflbTaTOB nporpaMMbl 

MARS 1 O B roi:i o6nacTM 3Heprni1, rAe cyU1ecTeyer ycKop111TenbHb1e AaHHblB. 

npoAOflbHOB pa3BIATIAe KacKaAa, pacc4MTaHHOe no MARS 10, xopowo cornacyeTCR c 

AaHHblMIA 1) cneKTpoMeTpa CHARM p, 2, 3, 5, 6r3B n-; C3HABIA4: MpaMop I 

an10M1AH1Ai1 I Cl.llAHTMns:irop), 2) cneKTpoMerpa CDHS (10r3B 7t-; C3HABIA4: JKene30 I 

CL\IAHTIAnnRrop), 3) Kanop1AMeTpa HEAO (5, 10, 15r38/c n+; C3HABIA4: eonbcj:lpaM I 

CL\IAHTMJlJlRTOp), 4) ASTBKTOpa nonHoro nornOUIBHIAR AJlR HSHTplAHHblX 

31(cnep111MeHroe (100, 200, 250r3B h- 111 150, 2oor38 h+; C3HABM4: JKene3o I 

CL\MHTIAJlflRTOp). npocrpaHCTBBHHOB pa3BMTM8 nMBHR (npOAOflbHOB IA nonep84HOB) 

xopowo cornacyeTcs:i c AaHHblMM PGK (300r3B P, JKene3HblH nornoTIATenb). 

nporpaMMa MOABn1ApoeaH1AR MAR s 1 0 xopowo onlACblBaeT 

3Kcnep111MeHranbH61e AaHHble e yKa3aHHblX IA3MepeH111s:ix. 
Bo sropoR rnase KpaTKO on1AcaH Kanop111MeTp ycTaHOBKlll nll!OH 111 

reoMeTplllR, B cornac111111 c KOTopOH OCYlJ.18CTBJ18HO MOABJlMpOBaHIAe &APOHHblX 

Kac15QA0B. Pooi.1rpblW 6b1Jl coeepweH e L.llllfllAHAPlll~ecKoi:i reoMeTplAlll c Z-ocbio, 

HanpaeneHHOH BHM3, c T04KOH nepeoro B3aMMOABHCT91AR B L\8HTP• aepXHBH 

noeepxHOCTIA nepeoro JKene3HOro en~. 3HepreTM4BCKMi1 nopor AflA MoHTe-Kapno 

61o1n paeeH 4r3B. 4Mcno pa3b1rpaHHblX K.aCK&AOB AflA Ka>KAoro 3HepretM4ecKoro 

MHtepeana - 10000. TMn, 3HeprMs:i M a3MMYT&nbHWH yron nepeM4HOrO 8.Aj)OH& 6i.tnlA 
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Bb16paHbl M3 M3MepeHHblX pacnpeAeneHMH c nonpaBKOH Ha reoMeTpM48CKYIO 

3cpcpeKTMBHOCTb. B aApOHHOM noTOKB npoTOHbl COCTaBMflM np1116n1A31AT8flbHO 70%, 

nlAOHbl - 30% . 

Ha p111cyHKe 1 conocTaeneHbl cpeAHIAe npoAOJlbHblB npocp1-1n1-1, IA3MepeHHble Ha 

3KCnepHM8HTe "' pa3blrpaHHbl8 MBTOAOM MoHTe-Kapno. 3TIA KacKaAHblB KpMBblB 

HOpManlA30BaHbl no MaKCIAMYMY fllABHR. 1113 p1ACYHKa BMAHO xopowee cornac1Ae 

MB>KAY 3KcnepMM8HTOM IA paC48TOM. 
HaMIA Bbl41-!cmrn1Acb npoAOJlbHble IA nonepe4Hble npO<j:llAnlA nlABHei:i AnR 0.3, 0.5, 

1, 2, 5, 10 Ill 20T3B-HblX nepB1A4HblX npoTOHOB, HBHTpOHOB IA nlAOHOB. 

3HepreTM4BCKIAH nopor e MoHre-KapnoecKIAX po3b1rpb1wax 6b1n 100M3B. AnR 

Ka>KAOro 3Ha48Hl-IR 3H9prM1A 6bln1A pa3b1rpaHbl 5000 KaCKaAHblX IACTopl-IH. nepeoe 

B3alAMOA9HCTBIA8 HaneTalOlJ.IBrO aAPOHa npMHYAMT8JlbHO npOMCXOAMflO np1-1 z = 0. 

npoAOflbHbl8 npocp1AI1M KaCKaAOB, Bbl3BaHHbl8 npoTOHaMIA, HSHTpOHaMl-I IA 

nMOHaMIA c 3H8prMRMIA 0.3, 0.5, 1, 2, 5, 10 IA 20T3B, npBACTaBJ18Hbl Ha p1ACYHK8 2. 1/13 

plACYHKa CflBAYBT, 4TO B npeAenax CTaTIACTIA48CKIAX OWIA60K npocplAnlA nlABHBH, 

Bbl3BaHHbl>C nporoHaMIA, HBHTpOHaMIA IA nlAOHaMIA, CYUIBCTBBHHO He OTfllA4alOTCR. 

npoAOflbHblB npocplAnM nMBHBH 6blfll-I napaMeTp1A30BaHbl CflBAYIOUIBH 

cpyHKL\IABH: 
dE/dx:NL[WL(x/X0)e-19-b(x/Xal + (1-WL)(x/~)c-19-d(x!A.l], (I) 

rAe NL - cp1AKc1ApoeaHa ycnoe1AeM HopMMpOBKIA 

J: (dE/dx)dx = E0 , (2) 

KOTopaA AaBT 

NL= Eo[WL Xor(o)/b 8 + ( 1-WL)A.r(c)/dC], (3) 

rAB 
r-

f(p) = ·i" tP-19-tdt -~ 

- raMMa cpyHKL\MR. 

B npeAenax craTMCTM4eCKIAX ow1-160K 3Ha4eHIAfl napaMerpoe a, b, c, :I ~: 

W L• KOTopblB HaHABHbl IA3 x2-tjlMTa fvlOHTe-KapnoBCKIAX T048K, He 3QBIACfli OT 7Mna 

Hanera10U1ero a,a,poHa (npOTOH, HBHTpOH IAfllA nlAOH) IA MoryT 6b1Tb npeACTaBnef-a.: 

CJlBAYIOUllAMIA npoCTblMIA Bblpa>KBHl-lflMIA, B CBOIO 048p9Ab nony4eHHblMl-I IA3 cp1Ara; 

ll = -0.6(±0.2) + 0.6(±0. 1 )1gE0, 

b = 0.0 H±0.002)1 gE0, 

c = 1.3(±0.2)1gEQ, C: 
d = 1.2(±0.3) + 0.4(±0.1)1gE0, 

lgWL = 0.9b:0.3) - 1.2(±0. 1 )1gE0. 
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Pe3ynbTaT1o1 cp111nipoeaH111S1 npeACTaeneHbl .Ha p111cyHKe 2. 

nonepe4Hbl9 npocplllfllll fllllBHSI 6blfllll cp111TlllpoBaHbl B BlllA9: 

f(R) = ...1...£. = NT[WT(p 1/2)e-l"P.R + (1-WT)(p/2)e-'(ii;RI, (6) 
Eo aR . 

rAe R - paccTOSIHllle OT oc111 n111eHS1, Nr - HopM111poe04HblH Koscj:lcp1111.1111eHT, Wr -
npeAcTaBnHeT aec nepeoH cnaraeMoH, P 1 , p2 - napaMeTpbl ct>opMbl. 3Ha4eHlllSI 

Nr, Wr, P
1 

I'! P
2 

61oin111 HaHA&Hbl 1113 cj:l111Ta MoHre-KapnoecKlllX AaHHblX MeTOAOM \ 

HalllM9HbWlllX KBaAParoe: 

x,2 = l:[( 1 /E
0
)(aE/ aR) - ( 1 I aR>C;Rf(R)dRJ2 I a2. (7) 

Ha p111cyHKe 3 npeAcTaaneH H&KlllH cpeAHlllH cplllT nonepe4HblX npoct>111neH 1113 

pHAa pe3yni.TaTOB, nony4eHHblX cornacHO Bblpa>K&HllllO (6). 1113 p111cyHKa 3 BlllAHO, 

4TO a1o1pa>KeH111e (6) AOCTaT04HO xopowo on111c1o1aaeT nonepe4Hbl& npoq>111n111 n111eHeH. 

HaMlll pacc4111TaH1o1 TaK>Ke 3HeprnR, cpeAHee 4111cno 111 sHeprer1114ecK111H cneKTP 

4aCTlllL.I, npoCK04111BWlllX 4epe3 AHO Kanop111MeTpa n1110H, Aflfl n111BH9H, 

111H1111.1111111poeaHHblX npoToHaMlll, H&HTpoHaMlll 111 n1110HaM111. Pac4&Tbl noKa3an111, 4TO 

np111MepHO 7-8% KaCKaAHOH 3H9pr111111 YXOAlllT 49p93 AHO Kanop111M9Tpa. npoHOC OT 

npoTOHHOrO Ka.CKaAa npaKTlll49CKlll HQ OTfllll4aeTCSI OT HBHTpOHHOro, KOTopblH 049Hb 

Mano npeBOCXOAlllT npOHOC OT nlllOHHOrO KaCKaAa· 
CpeAH99 4111cno anb6eAO 4aCTlllLI (3TO B OCHOBHOM HQHTpOHbl Hlll3KOH 3Heprn111) 

KaK cpyHKL\lllfl nepB1114HOM 3H9pr111111 61o1n111 paCC4111TaHbl np111 pa3Hb1X 3Ha49HlllSIX 

3H9prllt111 o6pe3aHlllfl aApOHOB Ecutoff• np111 Ecutoff=100MsB Anfl 1TsB-Horo 

npoTOHHoro n111BHS1 4111cno ani.6eAO 1.1acrn1.1 (n, p, 7t'°) cocTaenHeT 2.6, Aflfl 2T3B­

Horo - 2.7 Ill A"fl 20Ts8-Horo - 5.4. np111 Ecutou=10Ms8 COOTB9TCTB9HHO nony1.1111n111, 

4TO Aflfl 1Ts8-Horo npoTOHHOrO fllllBHSI TOflbKO 4111Cfl0 anb69A9 HQHTpOHOB 

cocraenReT 8.96, AnR 2Ts8-Horo - 12.8 111 AnH 20Ts8-Horo - 40.3. lllcxoAR 1113 3TlllX 

pe3YflbTaTOB MO>KHO 3aKfll04111Tb, 4TO Ha6ntoAa9MblH noTOK 4aCTlllLI anb6eAO 049Hb 

Clll;'lbHO 3aBlllClllT OT 3HepreTlll49CKO.ro nopora o6pesaHlllfl hA-esalllMOA9HCTBlllfl, Ill, 

no-BlllAlllMOMy, 3Kcnepl!IM9HTanbHO Ha6ntoAa&MblM noTOK 4aCTlllLI anb6eAO MO>KQT 

61o1Tb o6bRCHeH CTaHAapTHblMlll npo1.1eccaM111 e3alllMOAQHCTBlllSI 6ea BKfll049Hlllfl 

KYMYflflTlllBHblX SIBfl9HlllM. 
B TpeTbeii rnaae AatoTCP. KpaTK111e on111caH111S1 sKcnep111MeHTanbHblX 

ycTaHoeoK AHlll, AHlll-MaKeT. np111eoAS1TCS1 on111caHlllfl reoMeTp111i:\ 1 cornacHo 

Koropi.1M npoM0Aen111poeaH1o1 aApOHHble KacKaAbl. a Kanop111MeTpax AHIA, AH"'1-

MaKeT 111 e aTMocct>epe. Poai.1rpi.1w1o1 Aflfl 4eHTpani.Horo 111 AHlll-MaKeT 

K~lllM&TpOB BblOOflH9Hbl B L\lllPlllHAPlll49CKoH reOMeTpllllll c Z-ocbto, HanpaeneHHOM 

BHlll3, 111 c Ha4anoM nepeoro asa111MoAei:icTBlllfl a 1.1eHTpe eepxHei:i noaepxHocT111 . 

Kanop111MeTpa. 3Hepr&Tlll49CKlllH nopor - 10MsB. 4111cno posi.lrpaHHblX KaCKaAOB A"fl 
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Ka>KAoro 3Ha4SHHR nepBH4HOM 3H9pr111H - 5000 AflR 4eHTpanbHOro KanopHM0Tpa H 

10000 AJlR MaKera. nepBH4HaR 4acrn4a - Haneraiou.ii.ii1 npoToH no HanpasneHHIO 

OCM z. AApOHHblS KaCKaAbl pac4HTaHbl AflR 1, 2, 5, 10, 15, 20, 30, 50 H 100T38 

nepBM4HblX 3Hepr111i1 AJ1R l..lSHTpanbHoro Kanop111Merpa 111 0.5, 1, 2, 4, 5, 7, 10, 12, 15, 

20, 22 111 30T38 AJ1R MaKeTa. 
MoAen111posaH111e n111BHei1, reHepi.iposaHHblX nporoHoM B arMoccpepe, raK>Ke 

6blJ10 COBepweHO B 4111J1111HAPlll49CKOM reoMeTp111111 c Z-oCblO, HanpasneHHOM BHlll3, K 

l..lSHTPY c4111HTlllJ1JlRTOpHoro KOBpa paAlllYCOM 500M Iii TOJlll.llilHOM 5CM, 

pacnono>KeHHoroHa rny6111He 615r/cM2 arMoccpepb1. 4111cno KacKaAHbl; 111cTop111i1 AJ1R 

Ka>KAOM nepB1114HOM 3Hepr111111 - 5000. 3HeprnR o6pe3aHlllR - 10M38. nepBH4HaR 

4acr1114a - nepneHAlllKynRpHo Haneraiou.i111i1 nporoH c E0 = 0.1, 0.2, 0.5, 1, 2, 5, 10, 

15, 20, 50 111 100T38. 

IlnR ueHTpanbHOro Kano.i;)l·1M9Tpa B 4aCTHOCTH 6b1Jllil paCC4111TaHbl CJ1SAYIOll.IH9 

cpeAH1110 xapaKTeplllCTlllKlll: 
nonHblS nonepe4HO lllHTerp111poBaHHblS 3HeroBblASJ19HlllR B naCClllBHOM (6eTOH) 

111 aKTlllBHOM (aproH) cnoRX Kanop111MeTpa KaK cpyHKL\lllR HOMepa MOAYJ1R 

lllOHlll3al..llllOHHOro Kanop111Merpa, KOTOpb19 npeACTaeneHbl Ha p111cyHKaX 4 Iii 5 

COOTBSTCTBSHHO. 
nonHoe 3HeprOBblA9J19Hlil9 B aKTlllBHOM nornoTlllTene lllOHlll3a41110HHOro 

7 

KanopHMerpa - 1113MepeHHaR 3H9pr111R (EAr = I. Etr) KaK cpyHKl..llilR OT nepBH4HOM 
j;1 

3Hepr111111, !':OTOpoe MO>KHO cpHTlilpOBaTb CJ1SAY10ll.19M annpOKClllMal..lMOHHOM 

cpopMynoi1: 

EAr(reB) = 0.49(±0.02)Eo(TBB), 

rAe E0 (e T38-ax) - 3Hepr111R nepB1114HOro nporoHa. 

(B) 

3Hepr111R Iii cpeAHee 4111CJ10 4aCTl'11..\, Bbl6blBWHX 4epe3 AHO Kanop111Merpa, KaK 

cpyHKl..\111111 OT nepB1114HOM 3H9pr111H, KOTopb19 MO>KHO annpOKClllMlilposaTb CJ19AYIOIJ.lll!Mlil 

cpopMynaM111: 

E1enk.(raB) = 1B.9(±1.5)E0 (TaB), 

N1enk.= 20.1(±1.4) E0(TaB), 

(9) 

( 1 O) 

rAe E
0 

- nepB1114HaR 3Hepr111R. 04eH04Hble 3Ha4eHlllR cpeAHBKBllAPaTlll4HblX ow1116oK 

Bbl4HCJ19HHblX 3Ha4SHlllM B cpopMynax (9) "' (10) np111MepHO 20%. 

IlnR Kano;p111Merpa AH!tl-MaKeT e 4acrHocn1 6b1Jllll pacc4111TaHbl cneAYIOIJ.llilS 

cp'eAHlllS xapaKT9p111CTlllKlll: 

3HepreTl'149CKaR 3aBlllClllMOCTb nonHoro 3HeprOBblASJ19Hl'1R B Kanop111Mer.pe, 

KOTopyto MO>Kl10 Bb1pa3HTb Cf19AYIOll.llilM COOTHOWSH"10M: 

Etot = 0.63(:!:.0.09)- E0 o.9 1(;.o.o2>, (Etot 111 E0 a r3B-ax). ( 11) 
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3HeproBblA8fl8H1118 B aprOHOBblX cnORX Kanop111MeTpa ("A8T8KT111pyeMaR" 

3H8pr111R B lllOHlll3aL\lllOHHblX KaMepax) KaK cpyHKL\lllR OT nepBllll.IHOH 3H8pr111111 

npeACTaeneHO Ha p111cyHKe 6. ElaMO>KHO Bblpa3111Tb Cfi8AYIOUllAM COOTHOW8HIAeM: 

EAr(MsB) = 0.5(.:!.0.3Ho o.95c~o.o7J, (Eo B rsB-ax). ( 12) 

0TKnOH8HIA8 OT nlAHeHHOCTIA B ypaBH8HIAtllC ( 11) IA ( 12) - cneACTBIA8 

cyl!l&CTB&HHoro sHeprent1.1ecKoro npoHoca. 
HopM1ApoBaHHble nonepe1.1Hi.te npocp1AnlA nlABHeiit B ABYX apr0Hoei.1x PRAaX 

Kanop1AM8Tpa AflR filABHeiit, Bbl3BaHHblX 0.5, 5 IA 20Ts8-HblMIA npOTOHaMIA, MoryT 

6b1Tb cjllATIApoeaHbl Cfl8AYIOUl8H 3KCnOH8HL\IAanbHOH cpopMYnoiit: 

f(R) = 1 /EAr(AEA/ AR) = NT(p/2)exp{-.JP"R}, ( 13) 

rAe R - paccTORHIAe or· oc111 nlABHR, EAr- cyMMa 3Heproe1:.1AeneH1Aiit e ABYX 

apr0Hoei.1x cnORx, AEAr- sHeproei.1AeneH1'.18 BHYTPIA KOflbL\a [R, R+ARI B ABYX 

apr0Hoei.1x cnoRx, p - napaMeTp HaKno~a, NT - cp1AKc1ApoeaHo ycnoe1AeM 

HopM!ApoBKIA: 

f; f(R)dR = EAr • ( 14) 

KOTopaR AaeT: 
NT.=EAr. (15) 

napaMeTp HaKnoHa p HaiitAeH 1113 x2 -cp1ATa. B npeAenax OWIA60K p He 3aBIACIAT 

OT 3Hepr1AIA IA ero MOlKHO annpOKCIAMIApoeaTb cneAYIOUllAM Bblpa>KeHIAeM: 

.p = 0.30 .:!. 0.04. ( 1 6) 

Cl>opMyny (12) MO>KHO 1Acnonb30BaTb AnR Kan1116poeK1A Kanop1AMeTpa AHlll­

MaKeT, a TaK>Ke AflR OL18H1ABaH1AR nepe1111.1Hoiit 3Hepr1AIA np111 noMOUllA 1113,MepeHIAR 

IAOHIAHL\IAIA B aKTIABHblX pRAaX nornOTIA_TenR. Cl>opMyna (13) none3Ha AflR 

OL\eHIABaHlllR nonepel.IHblX pa3M9pOB nlllBHR Ill AflR npoeKTlllpoeaHlllR OnTIAManbHOH 

nonepe1.1Hoiit cerMeHTat.l111111 Kanop1AMerpa AHlfl. · 
.D.nR aAPOHHbJX ni.teHei'i B aTMoc¢lepe 6blfilA nony1.1eHbl cn&AYIOUllA8 OCHOBHbl8 

pe3YflbTaT1:.1: 
3Heproe1:.1AeneH111e WAn B CL\IAHTIAnnRTOpHOM Koepe - Esc KaK cpyHKL\lllR OT 

nepBlll"IHOM 3Hepr111111, KOTopylO MOlKHO cjl111rnpoeaTb CDeAYIOUl8H cpopMynoiit: 

E~c(M.98) = 0.9(+0.2)E0 1.
2c~o.o3J(reB), ( 17) 

rAe E0 - ~Hepr111R nepe1111.1HOro npoToHa. 

HopMlllpOBaHH1:.1e nonepe1.1Hi.1e np0cjl111n111 WAns 

( 1 /E 5c)(AE 5 /21tRAR), 

rAe Esc - nonHOe 3Heroei.1AeneH111e B CL\lllHTlllDDRTope, AEsc - 3Heproei.1Aerte1;1111e 

BHyTplll KODbL\a [R,R+AR] B CL\lllHTlllDflf!TOpe, R - pacCTOR~llle OT CCIII WAJ1, 

npeAcTaen~HHble Ha p111cyHKe 7. Ha 3TOM >Ke p111cyHKe np111eeAeHo conocraeneH111e 

12 

1Cf1 

"5 
~~tct1 

=~111 
10-. 

t-ErlOO TeV 
*-Eo•SOTeV 
.t.-E.= 2.0TeV 
+-E,• 10TeV 
t~E.· 1TeV 

P111c. 7, HopMMpoaaHHoe noneRe<tHoe sHeproawAeneHMe WAfi a 

CL\lllHTlllDMTCJPHOM KOBpe. f, f , +. + M + -MARS 1 o, cnnowHaR 111 nYHKT_lllpHaR 

n111HMM - crpyKrypHaR ct>YHKLIMR HMWMMYPW-i<a11arw a AnnpOKCMMaLIMM B npM E.• 
20TsB AflR Tpex- Ill OAHOMepHblX Ka<!OAOB coaraeTCT88HHO. 
. . 
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non0p0YHoro npoqrnm1 20T38-Horo npoTOHHoro mtBHA co CTPYKTypHo!it <j>yHK4"18!it 

3D8KTpoMarhMTHoro DMBHA Toil lK8 3Hepr11M -

( 1 Ir, )2 f(R/r
1 
,s), 

rA8 r, - 8A"1H"14a MODbep B aTMOCcpepe, s - B03pacT D"1BHA, Bbl4"1CD9HHblA B 

AnnpoKCMMa4MM B. CTpyKTypHaA cpyHK4"1A f(R/r 1,s) BblYMCDeHa cornacHo 

annpoKC"1Ma4MOHHOM <j>opMyDe HMW"1Mypb1-KaMaTbl. KaK BMAHO "13 pMCYHKa, (.1 KaK 

cDeAoeano O>KMAaTb, coenaAeHMA HeT. TaKMM o6pa3oM, cTpyKTYPHyio cpyHKL\"11-0 

HMW"1Mypb1-Ka.vtaTbl, 6YAY4"1 noDyYeHH:vtD no 3D9KTpOMarH"1THOM KaCKaAHOH Teopi.1"1, 

H948Decoo6pa3HO np"1M9HATb ADA OnMCaHMA aAPOHHblX D"1BHe!it. 

IlDf! nornornTeDe!it 113 411croro U, Pb, Fe 11 Al 6b1D11 paccYl1TaHbl CDBAYIOLJ.1"18 

Cp9AH"19 xapaKT9p11CTl1Kl1: 

npoAODbHbte 11 nonepeYHbte npo<j>11D11 Dl1BHe!it, 11H114M11poeaHHblX npoT0HaM11 c 

3HeprMeii 0.1, 0.2, 0.5, 1, 2, 5, 10, 15 11 20T38. CornacHo pe3yDbTaTaM MoHTe­

KapDoecK11x BblY"1cDeH11!it nonepeYHble npoqrnDM aApOHHblX DMBHe!it cDa6o 3ae11cAT 

OT nepBMYHO!it 3Hepr11M. ,QDA ec0x BHAOB MOAeDMpoeaHHblX nornoT11T0D0!it 

Ha6DIOAaeTCA CDa6aA T9HA9HL\11A cy>1<11BaH11R CTBODa Dl1BHR c yeeD"149Hl18M 

nepe11YHO!it 3Hepr1111. 4acTb nepe11YHOH 3Hepr1111, BblAeDeHHO!it e Kpyre paA11YCOM R < 
R0 (R 0 "'0.8, 1, 1.4, 2.ScM ADR U, Pb, Fe 11 Al cooTeeTCTB8HHo) M8AD8HHo 

yBeDl14"1BaeTCA c pocToM nepe11YHO!it 3HeprM11, e TO epeMA KaK ADR R > R0 oHa 

M9AD9HHO y6b1eaeT. KpoMe Toro, 3aBl1Cl1MOCTb nonepeYHblX npo<j>11De!it OT '{R RCHO 

noKa3blBaeT AB9 KOMnOHBHTbl, Dl1BHA - OCTpo KODDl1M11poeaHHblM >K8CTK"1M OCTOB 

(49HTpanbHaR YaCTb) 11 MRrK11!it·, W11pOK"1if XBOCT. 

3HepreT"149CKaR 3aBl1C"1MOCTb KOMnOH9HT 3HeprOBblA8D8H"1A 

(3DeKTpOMarH"1THOro, 110H"13a4110HHoro (.1 B036YlKA9H"1R), a TaKlKe 3aBl1Cl1MOCT"1 

AOD"1 3Hepr1111, nOK11AaJILJ.19H noCOOTl1T9Db, OT rny611Hbl nornOT"1T8DA. 

B . 'IBTBBpToif . rnaae_ paccMaTpMeaeTcR B03MO>KHOCTb onTMMaDbHO!it 

cerMeHTal.\"111 M"1W8H11 ADA "13MepeH"1R npo6era Heyn~yroro B3a"1MOA8MCTB"1A 

aApOHOB, KOTopyio MOlKHO OL\9Hl1Tb, np11M9HAA M9TOA MaKCl1MaDbHOro 

npaBAOnOA06"1R (MMn) B OTHOW8H"1"1 411CDa Ha6DIOAa9MblX YaC?TML\, 

npoe3aMMOAe!itcT.eoeaewMx B pa3HbtX pAAax MMWeH11. 

B HaYaDe paccMaTpMeaeTCA npocro!it cDyYa!it 6ecKoHeYHo!it 'HenpepblBHo!it' 

M"1W9Hl1,° KOTopyio MOlKHO C4"1TaTb npeA9DbHblM CDyYaeM ADMHHO!it CDOl1CTOH 

M11weHM c TOHKl1Ml1 CDOAMM. B 3"toM cDyYae rDy611_HY nepeoro H0ynpyroro· 

B3a"1MOA8HCTB"1R BHYTPM M"1W8H"1 MO>KHO onpeA8D"1Tb TOYHO. T04K"1 

B3a"1MOA9HcTB"1R pacnpeA9DeHbl 3KCOOH8H4"1aDbHO 

f(x) = __!._ exp(-x/A.Q), ( 18) 
A.o 

14 

rAe x - rny6MHa n0peoro e3aMMOAeiicTB"1R, A. 0 . - npo60r RA8pHoro 

&3aMMOA8HCTBMA, KOTopbtii AODlK8H 6b1Tb 04eH0H. MMn - 040HKa e0m1Y111Hi.1 A.0 

6yAeT 
A 1 N 
A.=-I. xi, 

N1=1 
rAe X1 ( i= 1,2, ... ,N ) - "13M9p8HHbl9 3Ha49HMR B9Dl14"1Hbl x. 

( 19) 

A 

nycTb F N(A.IA.o) - <j>yHK~MR pacnpeA8D8HHR ou.eH04HblX 3Ha48HlllH npi.1 

3aAaHHblX A.0 M N: 
A A N 

FN(A.IA.o>=r ..• rdx, ... dxN __!._ e-></'-o· .. __!._ e-><.''-ol>{A. _ _LL xi}. (20) 
o o A.o A.o N i= 1 

noACTaBDRR cpypi.0-pa3DOlK8H"19 l>-<j>yHK4"1M B "1HT8rpan (20), H8TPYAHO 

Bbl4"1CD"1Tb cp8AH89 3Ha49H"19, P,MCnepcMIO, ac"1MM8Tp"110 11 3KCU.8CC OU.8H04HOro 
~ . 

3Ha48H"1R A.: 

ECi) = rFN(ilA.0 )A.dA. = A.o, 

- - - - 2 
D(A.) = f~F N(A.IA.0)(A.-A.0 ) 2dA. =A.o/N = 1 /Ic, 

11 :211N, 12 =61VN, 

(21) 

(22) 

(23) 

rA8 le =.NIA.~ - MH<j>opMaU.MR <1>11wepa. 1113 cpopMyD (21-23) CDBAY9T, 4!0 

OU.8HKa ( 19) - COCTORTSDbHaR, H9CM9L49HHaR "'3<j><j>eKTMBHaR, "' KaK CD8P,CT8"18 

noCDBAH&ro, OTHOCMT8DbHaR OW"16Ka A. 

CJ(i)/A.o = w 1 /2 
(24) 

(rA8 CJ(i) = . V D(i) o603HaYaeT cpeAHSKBaAPaTM4HO~ OTKDOHBH!.18) ABDRBTCR 

npep,8DbHO AOCT11lKMMOH CTaT"1CTl149CKOH T04HOCTblO P,DR N H83aB"1Cl1MblX 

Ha6DIOA9H"1H. 
3aT8M paccMaTpMeaeTCR cDy4aH, KOrp,a MHW9Hb COCT0"1T "13 k CDOBB 

nornoTMT9DR TODL4"1HOH AX, a noDHaA TODLJ.IMHa M"1W8HM ><o = kA x ( M bl 

npeH06p0raeM TODL4"1HOH A9T8KTopOB MS>KAY nornOTMT9DAM"1). BepORTHOCTb Toro, 

4TO yacTi.tU.a Heynpyro npoe3ai.tMOA9HCTByeT B i-oM CDOS MMWBHM, npoHAR i -1 

cnoet6e3 B3aHMOP,8HcTB"1R, HOpM111poeaHHaR Ha noDHYIO eepORTHOCTb H0ynpyroro 

B3aMMOP,8HCT8"1!1 BHYf PH MHW8H"1, paaHa: 

pi(A.o) = exp(-x/A.o) 1-exp(-~x/A.o) , (25) 
1-exp(-x0 /A.o) 

rA8 xi = (i-1 )AX, i= 1,2,. .. ,k. 1 <l>yHKU.HR npaBAOnOAOOM!I MMe&T BHA: 

1 B nepBOM npll6nMlKllHMM yrl10B08 pacnpeA&neHM8 &1a.cnn.~ MOlKHO y'*lTb aaMllHOM 

A><-+A><<sece> B l10C118AYIO~MX cpopuynax (0 -yron llllA8HMll). 
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k 
L(;AJ = N!Il p~'(t..)/Ni!, (26) 

1= 1 
rAe N1 - aKcnepMM&HTailbHO 111aMepeHHoe YMcno saaMMOAeillcTBlllill, npo111cweAWMx,e 

k 
i-oM cnoe MMW&Hlil, N = I, Ni - nonHoe YMcno saaMMOAeillcTe111i1 BHYTPlll M111weH111. 

i=1 
npM cpMKCMpoeaHH,1M N {N 1 • N2, ... ,Nk} noAYMHRIOTCR noilMHOMMailbHOMY 

pacnpeAeneHMIO. 
~ ~ ~ 

Paano>KeHlllR Alllcnepc1o1111 D(t..) 111 CM&IJ.l&HMR b(t..) = E(t..-1..0 ) MMn-ou,eHoK e 

PRA no CTeneHRM 1 /N AilR 06Ujero cnyYaR, KOrAa cpyHKU,MR npaBAOnOA06111R MM99T 

BlllA (26), AalOTCR CI19AYIOIJ.lMMM Bbtpa>KeHlllRMlll 

rAe 

D(i) = _1_ + O(N-2), (27) 
NA1 

b(i) = -~ + O(N-2), (28) 

2NA~ 

k 
A, = L J. (~)2; 2 

i=1 1 at..o 

B 1 = ± j_ ~ a2pi . 
i= 1 Pi ()f..o ()I..~ 

(29) 

noACTaBilRR 3Ha"l9HlllR P1 1113 (25) B 

O(N-2), no11yY111M 

(27-29) 111 npeHe6peraR YileHaMM 

'{N mi)ll..o = [(__M_)2 - (_l_Q__)2]-1/2' 
sMZ shZ0 

(30) 

(JJL)2< 1-aZctMZ) -( _l_Q__ )< 1-ZocthZo) 
~ sMZ .shZo 

Nb(t..)/t.. = -=---------
o [ (_t;J,__)2 - (_l_Q__ )2]2 

sMZ shZo 

(31) 

rAe BB&A&Hbt 6eapaaMepHbte napaMeTpbl AZ = ax/21..0 111·z0 = x0 12t..0 . 

Ha p111cyHKax a M 9 npeAcTaeneHbt aae111c111MOCTM 'fN a(i)lt..0 111 Nb(i)h0 

OT /:J.Z (T.e. OT /:J.X . B 9AMHMU,ax 21..o). Bbl"IMCI19HHble no cpopMynaM (30-3 1 ), AflSl 

pa3IlM"IHblX 3Ha"l9HMH k. Illa 3TMX p111cyHKOB BMAHO, 4TO: 

1) yN G(i)lt..0 > 1 AilR ecex k .. 111 AZ, acMell(eH1-1e b(i) * 0.e orn111Y1-1e oT 

11A&ailbHoro cnyYaR. MMn - ou,eHKa RBilR&TCR 1111Wb ac111MnroTML1ecKM H&CM&IJ.l&HHoill 

11 a<j><j>eKTlllBHOill; 

2) nplll 3aAaHHOM. k, '{N O'<i>ho ~ ~lb6:)111..o MM9IOT AOBOJlbHO w11pOKMM 

2 NA 1 = El(olnL/OA.0l21 - 11Hlj>op~llll a>11wepa. 

16 

0.1 l!.Z 0.01 
10 

P1-1c.8. 3aBlllCMMOCTb npMBSA9HHOH OTHOCl1TSilbHOH ow116KM -JNO'(t)ll..o 

113MepeHMR A. OT /:J.Z = !:J.X/2A.,,. L11-1cppbl y Kp11Bb1X - "llllCJ10 c11oee MlllWSHM. 

0.1 /J.Z 10 

I\ 

P1-1c. 9. 3aBMClllMOCTb np111eeA&HHoro arHOClllT&llbHoro cMall(SHlllR Nb(A.Yl..0 ar 
AZ • l!.'t.!2t.... Lt1-1<j>pb1 y KpMBblX - '!MCOO cooea MMWaH11. 
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MlllHlllMYM, TO ecTb B03M0lK8H onT111ManbHblH Bbl6op TOfllJ.llllHbl cnOR - AX = AX*(k), 

nplll KOTopOM A11tcnepc111R Ill CM81J.18Hlll8 01..1eHKlll MlllHlllManbHbl. 
MolKHO o4eHb nerKo npoeepll!Tb, 111cnonbayR ypaeHeHlllR.(30) 111 (31), 4TO Aflff AX 
* a <ho A =AX (k) (T. e. np111 ~,N <1(/..)/A.01 =0) npaeaR 4acTb yp. (31) paeHa Hynio. 

. aAz • . A 

CneAoeaTenbHO, p,nR onr111ManbHO cerMeHT111poeaHHOH MlllWSHlll b().)/A.0 = o(N-
2

). 

AnR onT111ManbHoro eb16opa AX aHa4eH111e A.0 AOfllKHO 6i.1Tb 111aeecTHb1M. Ecn111 

HST anp111opHOH 111HcpOpMa1..1111111 0 eenlll4111H8 A.o (TeopeTlll4eCKOH 111/111n111 

aKcnep111MeHT8fbHOH), HYlKHO cHa4ana npoeecr111 npeAeap111TenbHb1e 111aMepeHlllff c 

np01113BOflbHO Bb16paHHblM AX. 
CooTHOWSHlllff (30-31) ·cnpaeeAfllllBbl ronbKO ac111MnTOTlll48CKlll - np111 N >> 1. 

MoAen111poeaH111e Merop,oM MoHTe-Kapno noKa3ano, 4TO ac111MnTOT11t4eCKllle 

3Ha4eHlllR p,ocT111raioTCff np111 N > ( 1+1 O)/pk. 
A A 

BblpaJKeHlllR Aflfl D(A.) 111 b(A.) Moryr 6b1Tb 111cnonbaoeaHbl Ha npaKr111Ke AnR 

ei.14111cneHlllR p,111cnepc111111 111 cMeuteHlllR MMn-01..1eHoK. AnR aToro e (30-31 ), 

KOH84HO, Heo6XOAlllMO nop,cTaBnRTb Ol.18H04H08 3Ha48Hlll8 BMSCTO A.o· 
B 3SK.nl0149HHH ccpopMyn111poeaHbl ocHoBHble peaynbTaTbl 111 BblBOAbl MoHTe-

KapnoecKlllX Bbl4111CneHlllH 111 aHan111T1114eCKlllX pac1.1eToB, Kol'opi.1e BIJHOCRTCR Ha 

U.UIHTy: 
I. npoeep,eHO MOA8fllllpOBaHlll8 aApOHHblX KacKaP,OB B o6nacTlll 3Heprni:1 1-

sooraB nplll noMOllllil nporpaMMbl MARS 10. 
npeABaplllTSflbHO 6bina 111ccnep,oeaHa npae111nbHOCTb ee pe3yni.TaTOB' B TOH 

o6nacTlll 3Hepr111H, rp,e cyuteCTByeT yCKop111T8flbHbl8 ~HHbl8. npoCTpaHCTB8HH08 

pa3BlllTlll8 aAPOHHOrO 11.MBHR(npOAOflbHOS Ill nonepe4H08), paCC4111TaHH08 no 

MARS 1 0 '· xopowo cornacyerCff c MlllpOBblMlll ycKop111renbHblMlll AaHHblMlll. 
II. Bnepei.1e AeranbHO npoM0Aen111poeaHo TpexMepHoe paae111T111e aApOHHblX 

KaCKaAOB B o6nacTlll 3H8prlllH 0.5-5.0TaB B KBJ1oplllM8Tpe ycTaHOBKlll nlllOH. 
1) Bnepeb1e TpexMepHblM 4111cneHHblM MOAen111poeaH111eM nony4eHbl 

npoAOflbH1ol8 Ill nonepe4Hbl8 npocp111n111 ap,pOHHblX KaCKaAOB B Kanop111MeTpe n1110H. 

npoAonbHb!e aHeproeblAeneHlllR conocraeneHbl c peaynbTaTaMlll aKcnep111MeHTa, 111 

nony4eHO xopowee cornac111e. 
2) l/lccneAOBaHbl cpeAHlll8 "xapaKT8p111CTlllKlll aApOHHblX n111eH&H, 

lllHllll..llilli!pOBaHHblX 0.3, 0.5, 1, 2, 5, 10 Ill 20Ta8-HblMlll nepB1114HblMlll npoToHaMlll, 

HSHTpoHaMlll 14 3apRlK8HHblMlll n1110HaMl4 B KanopMM8Tpe m'10H. noKa3aHO, :41:0 

cpeAHlll8 xapaKT8p111CTlllKlll ap,poHHblX Kac~aAOB, MHMl..llllMpOBaHHblX nporoHaMM M 

HSHTpOHaMM OAMHaKOBOH 3HeprlilM, npaKTlll48CKM HS OTflM4alOTCff. n1110HHblH KacKaA 

4yTb BblW8 a6nM3111 MaKCMMYMa Ill 4}/Tb nQRO~Q.3a MaKCMMYMOM no cpaaHMlMIO c 

1 Fl 

I 
I .. 
:I 

HyKnOHHblM KaCKaAaM. 

3) OmapaMeTp1113oeaHbl npoAOflbHble 111 nonepe4Hbie n111eHeai.1e npocpMn111. 

4) Anff nonepe4Horo npocp111nff npeAnoJKeH HOBblH aH3a4, KOTopblH xopowo 

on111cblaaer AaHHb1e e w111poKoM HHTepeane 3HeprHi:1 (300r3B + 20T3B) 111 PaAlllYCOB 

(0.5cM + 150cM). CornacHo peayni.raraM MoHTe-KapnoecK111x Bb14HcneHMH 

nonepe4Hbl8 npo<j:>111n111 aAPOHHblX nHBH8H cna6o 3llBlllCffT OT nepB1114HOH 3Hepr111111. 

5) Bnepeble 4McneHHblM rpexMepHblM MOAen11poeaH111eM nony4eHbl noToK 111 

3HepreTlll48CKi-te cneKTpbl npocK04111BWlllX enepeA HSHTpOHOB, npoTOHOB Ill OlllOHOB, a 

TalOKe anb6eP,O H9HTpOHOB 1113 KanopHM8Tpa m'IOH. noKa3aHO, 4TO nOTOK 4aCTMl..I 

anb6ep,o 049Hb ClllflbHO 3aBHClllT OT 3Hepn1111 o6pe3aHlllff aAPOHOB, 3anO>K8HHOH B 

MoHTe-KapnoecKyto nporpaMMY. 

III. !llccnep,oeaHbl npo1..1eccb1 per111cTpa1..1111111 ap,poHHblX KaCKaAOB c aHeprneitl 0. 1 
+ 100T3B Ha KOMnneKca AHlll. 

1) CM0Aen111poeaHb1 ap,poHHble n111eH111, 111H111..1111111poeaHHb1e 1, 5, 1 o, 20, 50 111 

100Ta8-HblMlll npoTOHaMH, HaneTalOIJ.llllMlll Ha 1..18HTpanbHYIO 4aCTb 

aKcnep111MeHTanbHoro KOMnneKca AH!ll. 

2) nony48Hbl 3HeprOBblA9fl9HMff B nacci-tBHOM (6eTOH) 1-1 aKTMBHOM (aproH) 

nornOTlllT9flRX. nony4eHa nMH&HHaR n~aMeTp1113al.llllR 3HeprOBblA9I18HlllR B 

aKTlllBHOM Aornor111Tene 1110Hlll3a41110HHoro Kanop111MeTpa KaK cpyHKl..IM~ or nepB1114HOif 

3Hepr11114. 

3) 04eHeH npoHoc. 111a KanopMMerpa AHll1. nony4eHi.1 nMH&HHble 

napaMeTp111aa1..1111111 3HepreTM4&CKlllX aaa111c111MOCT&K 3HeprMM npoHoca 111 4111cna 

llpOCK04MBWMX 4aCTMl..I. 

4) CMOASmtpOBaHbl ap,poHHWe nMBHM; MHMl.IMl4p088.HHwe 0.5, 1, 2, 4, 5, 10, 12, 

15, 20, 22 M 30TaB-Hb1MM npoTOHaMM, H8neral0utMMM Ha KallopMMelp ycTaHOBKM 

AHM-MaKeT. Pacc4MTaHOaHeprOBWA81l9HM& (npo,qcmbHOe M nonepe4HOe) AJ1R sTMX 

nMBH8A. 01.1eHeH npoHOC M3 KanopMMerpa AHl.ll-MaK&T. 
5) PaCC4MTaHa "AeT&KTMpyeMaA" 3HeprMR a MOHM3al.IMOHHWX K4Mepax 

K8nopHM&rpa AHl.+MaKaT. OHa cl>MTMpY8TCR CT81l9HHOM «l>YHKLIM8K. OTialaHeHM8 OT 
.1111H81HooTM - Cll9ACTBM8 ~&CTHHHOro 3H8pf9TM48CKOrO npc>HOC8. 

8) ,QnA 0.5, 5 M 20TaB-Hb1X nepBM'tHblX 3HeprMK nonyt.t8HW M 

oTl'MpaMTpM30BaHw nonepet.tHwe npocl>MnM nMBHeii B ABVX aprOHOBwx ptlAU 
iaillepMMerpa AH&il-MaK&T. • 

. '· 7) ~B8A8HO Tp&XMepHOe MC>A8JDIP084HM8 .,.,aHHWX llMBH8K B aT~. 
MeclleAQll8MW cp8AHM8 xapaKT&pMCTMIOI 3TMX IlMBHeA, ll~MMpOB&HHWX npOTOHaMM 

• 9Nlpr8TINICKCIM llHTepaane 0.1 .;. 100Ta.B. 

8) rlonyt.t8HO pacnp8A8J18HM8 3HeprOBblA8n&HllA WAil a Cl.lllHTMJIJIATopHOM 
• t • • • 
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Koepe 3KcnepMM&HTanbHoro KOMnneKca AHlll, pacnonoJKeHHOM Ha rny6MHe 615r/cM 2 

aTMoccpepb1, e MHTepeane 3HeprMH ".1 .;.. 100T3B. npoeeAeHo conocTaeneHMe 

npMB&A&HHoro npoqiMm1 WAil, Bbl3BaHHoro 20T3B-Hb1M npoTOHOM, c nonepe41-1oi:i 

CTPYKTYJ>HOH <jlyHKLIM&H HMWMMypb1-KaMaTb1 p,m1 3TOH JKe riepeMYHOH 3HeprMM. 

9) npoB9A9HO TpeXM9pHoe MOP,enMpoeaHM9 aApOHHblX flMBHGH, 

MHMl..IMMpoeaHHblX 0.1, 0:2, 0.5, 1, 2, 5, 10, 15 M 20T3B-HblMM npoTOHa~rn. 
HaneTalOIJ.I MMM Ha MMW9HM M3 u, p b, Fe M A 1. lllccneAOBaHbl cpep,HMe 

xapaKT9pMCTMKM 3TMX KaCK8AOB. 

IV. lllccneAOBaHa CTaTMCTM49CKaR T04HOCTb OLISHKM npo6era Heyn'pyroro 

B38MMOA9HCTBMR ap,pOHOB BblCOKl)H 3HeprMM no pacnpGA9119HMIO T049K nepeoro 

B38MMOA9CTBMR B ABYX BMP,ax MIAW9HM: 

a) B MP,9aflM3MpOBaHHOH 6eCKOH94HOH "HenpepblBHOH" MMW9HM; 

6) B CilOMCTOH MMW9HM, COCTORIJ.l9H M3 49p9AYIOIJ.IMXCfl PRAOB nornOTMT911R M 

A9T9KTopOB. -
1) nony49Hbl aHa11MTM49CKM9 BblpalK&HMR AMCnepCMM DO .. ) = O' 2 (A) M - -

cM&IJ.l&HMR b(A.) = E(A.-A.0 ) MMn-04eHoK npo6era Heynpyroro B3aMMOA9CTBMR AflR 

o6eMX MMW9H9H. 

2) noKa3aHO, 4TO -
a) B cny4ae 6eCKOH94HOH "HenpepblBHOH" MMW9HM 04eHKa A. RB11R9TCR 

npeA&flbHO AOCTIAlKMMOH CTaTMCTIA49CKOH T04HOCTblO AflR N .H93aBHCMMlol:·: 

Ha6nRP,9HMl1; 

6) B cnyYae CilOMCTOH MHW8HIA npM 3ap,8HHOM 4HC/18 ee cnoea npMB,A9HHaR 

OTHOCHT&IlbHaR owM6Ka YN a(i)/A.0 M npMHA&HHoe OTHOCMTenbHoe cM&IJ.l&HMe -Nlb(A.)111.o MM6IOT AO~IlbHO WMpOKIAH MMHMMyM, T.e. B03MOlKSH OnTMManbHbli:1 
. -

Bb16op TOfllJ.llAHbl cnoR,. npM KOTopOM AMCnepCMlj M CM81J.18HM8 048HKM A 
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