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A H H 0 T a U H H 

B pa6oTe rrccnenyeTCH yrrpyroe p-p-pacceHHHe rrprr 9HeprHH 8,5 EsB MeTo

noM cpOT09MY1lbCidi. YJ CIT01lb30BaHa reOMeTpHSl o6ny'IeHHH, rrpH KOTopoii IIOTOK' rra

.[{8IOillHX rrpoTOHOB HarrpaBneH rreprreHnHKynHpHo rrnocKOCTH cpoT09MY1lbCHH. Haiine

HO 66 cny'!aeB yrr~yroro pacceHHHH. BKnan cny'!aeB pacceHHHH Ha KBa3HCBo6on

HbiX rrpoToHax u npyrrrx co6biTHi1 cpoHa cocTaBmieT ,_ 2%. Ce'!euue yrrpyroro pac-

ceHHHH paBHO . (8,4 :!:_; 1,1) M6. nony'IeHO .UHcpcpepeHUH81lbHOe Ce'!eHHe .[{0 2,5° B 

0 C.U.M. B6JIH3H 0 OHO OK83biBaeTCH 601lbllle 1 '!eM MO:lli:HO O:lli:H.U8Tb H3 MOnenH 

'IHCTO rrornoruaiOruero rrpoToHa. 



WayqeHHe ynpyroro pacceRHHR qacTHU 

HbiM MeTOJJ.OM HccneJJ..OBaHnR Hx cTpyKTypbi. OnTHqecKaR MOJJ.enb, BnepBbte npHMe

HeHHaR .IJ.liR 8H81IH38 paCC9RHHR H9HTpOHOB Ha RJJ.pax ( 1 J 0 WHpOKO HCnOllb3Y9TCR 

JJ.liR 8H81IH38 9KCnepHM9HT8llbHbiX JJ.8HHbiX no ynpyroMy pacceRHHIO 7[: .:...M930HOB 

. n npoTOHOB Ha HYKliOHax npH aHeprHs!x 1 BaB H Bbtwe [ 2 - 10] • B nocneJJ.Hee 

BpeMR pRJJ. aBTOpOB [11 - 19], HCnOllb3YR H9KOTOpbi9 ynpOIU8IOIUH9 np9JJ.ll01IO)K9HHR 0 

npoBenn ¢aaoBhlfi aHanHa aKcnepnMeHTBllbHhlX JJ.BHHhlX no-ynpyroMy pacceRHHIO 

'Ji: -Me30HOB. H npOTOHOB Ha npOTOH8X npH p83liHqHbiX 9HeprnRX. 00K838HOs qTo 

HM9IOIUH9CR 9KCll9pHM9HT8llbHbl9 pe3yllbT8Tbl MO)KHO OObRCHHTb noqTn nOliHOCTblO 

JJ. HcppaKUIIOHHbiM pacceRHII9M. 

WayqeHHe ynpyroro pacceRHHR 7C" -Me30HOB H npoTOHOB 6onbWIIX aHeprHfi 

Ha HYKliOHax BcTpeqaeTcR c pRJJ.OM aKcnepnMeHT8llbHhlX TPYJJ.HOcTefi. Bo-nepBhlX, 

M8Jl0 ceqeHII9 /5 - 10 'M6/, BO-BTOpbiX, COOTB9TCTBYIOIUU9 OnbiTbl Tpe6yiOT perHCTpa-

0 
UHH oqeHb M8llbiX yrliOB pacceRHHR /"Wl B n.c.J. B TO JKe BpeMR B pa60T8X 

[2 9,20] Ha6niOJJ.aiOTCR nponycKu cnyqaeB pacceRHIIR Ha yrnbi JJ.O 5° B n.c, 

B pa6oTe [ 21] JJ.n¢¢epeHuHanbHOe ceqeHHe uaMepRnocb, HaqHHaH c yrna 2° B n.c. 

IE= 6.15 MaBI. B-TpeTbiiX, B pa6oTax c ·¢oT09MYllbCIIRMH TPYJJ.HO ·BbiJJ.enRTb 

CllyqaH paCC9RHllR H8 npOTOH8X 0 CBR38HHbiX B RJJ.pe [2,3,5] i TaK K8K 9TO Tpe6yeT 

6onbwofi ToqHocTH B naMepeHnRx yrnoB, 

B. JJ.BHHOfi pa6oTe, CJJ.enaHa nonbiTKa o6oii:Tu aTn TPYJJ.HOCTn. 

0 OCT8HOBK8 OllbiT8 

B pa6oTe nayqaeTCR ynpyroe pacceRHHe npoTOHOB Ha npoTdHax npu aHepruu 

8,5 Bas MeTOJJ.OM ¢oT09MYllbcnfi. 06btqHo JJ.liR noncKa noJJ.OOHbiX co6biTHfi npH

MeHReTcR npOCMOTp BJJ.Ollb ClleJJ.a. 0JJ.H8KO, llpll T8KOM CllOCOoe llOHCKa Cnyqau 

pacceRHHR Ha Manbte yrnbi perncTpupyiOTCR c nnoxofi a¢¢eKTHBHOCTbrof
2J. Oco6eH

HO 9TO OTHOCl:!TCR K COobiTHRM, llliOCKOCTb pacceRHl:!R KOTOpbiX COCT8BliReT OOllbWOH 

yron c nnocKOCTbiO ¢oT09MYllbCHl:! [6] . AaHMyTallbHaR acl:!MMeTpl:!R Ha6niOJJ.aeTcR 

TaKJKe npl:! npocMoTpe no nnomaJJ.n B cnyqae o6nyqeHllR napannenbHO nnocKocTn 

a MYllbClll:! [ 22 J . W a oueHOK no onTHqecKofi MOJJ. enu cneJJ. yeT, . qTo noqTl:! Bee 
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0 
paccemm:e npn aseprnn 8,5 EaB cocpe,noTO'IeHo B yrnax < 3 B n.c. noaToMy o6hr'I-

Hhifi npocMoTp B,nonb cne.na BHeceT asa'IJITenbHhie ncKa:lKeHJIH B peaynhTaT. KpoMe 

TOI"O,CKOpOCTb Ha6opa CTaTJICTJIKJI O'IeHb Mana, 

L{nH nay"<IeHJIH ynpyroro pacceHHHH npH E = 8,5 EaB MeTo,noM 'cpoTosMynhcnl1:, 

Bhli"OAHO HanpaBHTb ny'IOK npOTOHOB nepneH,nJIKYJIHpHO nJIOCKOCTH 9MYJibCIIOHHhlX 

· · xl 
cnoeB JI npocMoTp nponaBOAJITb no nnoma.nn. TaK KaK npoToH oT,na'IH B 6onbWHH-

cTBe CJiy'IaeB JIMeeT. He60JihWOJ1: liMIIYJibC JI· HaiipaBJieH IIO'ITH rreprreH,nJIKYJIHpHO K 

rra,naiOllleMy IIpOTOHy, TO eCTb B ,naHHOM CJiy-qae Jie:lKHT IIpaKTH'IeCKii B IIJlOCKOCTii cpOT0-

9 MYJibCJIH 1 acpcpeKTJIBHOCTb HaXO:lK,neHHSI liHTepecyiOlliJIX HaC C06hiTHJ1: OK83hiBaeTCSI 

BhlCOKOH II He 38BJICIIT OT 83HMyTaJibHOI"O yrDa, nnoTHOCTb IIOTOKa IIpH rreprreH,nH

KYJIHpHOM 06Jiy'IeHHii MO:lKeT 6biTb yBeJIH'IeHa B HeCKOJibKO paa IIO CpaBHeHH!O C 

IIJIOTHOCTb!0 1 liCIIOJib3YeMOit ·npM napanJieJibHOM 06JiyqeHHii [ 23] , 3TO nOBbiWaeT 

CKOpOCTb Ha6opa CT8THCTJIKR. KpoMe TOI"Or npH TaKOJ1: reOMeTpHH OKa3aJIOCb Boa

MO:lKHbiM uaMepHTb yron pacceHHHOI"O npoToHa c 6onhwol1: TO'IHOCTbiO I ~ 3 
1 

I. 

n ep~'IIiCJieHHbie npeUMyllleCTBa TaKOH MeTOAiiKii SIBJISI!OTCSI cywe-

CTBeHHblMH, H H8M Ka:lK eTCH, qTo 9Ta MeTOAHKa C ycneXOM MO:lKeT 6biTb HCIIOJib-

30B8H8 M npH HeCKOJibKO 60JibWHX SHep!"liSIXo 

3 
HacTOSilllaSI pa6oTa BhiiiOJIHeHa Ha KaMepe paaMepoM 10x10x2 CM aa cnoeB 

aMynhCHH Tnna HVfKct>Vf-EP TOJilliHHol1: 400)-f , o6ny"<IeHHol1: BHyTpeHHHM ny'IKOM 

npOTOHOB C 9HeprHe~ 8,5 EsB CHHXpOcpa30TpOH8 06~e,nMHeHHOI"O liHCTMTyTa 

sr,nepHbiX MCCJie,noBaHHH, ny'IOK 6bi.1I nepneHAHKYJISipeH nJIOCKOCTM ¢oTOSMYJibCHOHHhiX cno

eB, EhmH c.nenaHhi aHanaabr Ha co.nep:lKaHHe Bo,nopo.na B KOHTpoJibHhiX cnoSix. 0Kaaa

nocb1 qTO B 1 CM
3 

o6ny-qaeMOJ1: 9MY.1lbCJIH co,nep:lKaJIOCb 12,90±.0,061 .10
22 

aTOMOB 

Bo.nopo.na:. 

npocMoTp no nnoma.nn npoHaBo.nuncH c yBenu"<IeHneM 630 X B ueHTpanbHol1: 
. . 2 . 

-qacTM cnoSI paaMepoM(2 x 2)cM • Cpe,nHSISI nnoTHOCTb naToKa B sToii aoHe 6hlna 

5 . 2 3 
paBHa /1.97 ..± 0,051• 10 'IaCTMn/cM • Bcero 6hrno npocMoTpeuo 1,53 eM • 

L{JISI onpe,neneHMSI acpcpeKTMBHOCTH H8XO:lK,neHHSI HHTepecy!OlliHX HaC C06biTHJ1: H 

Ha,ne:lKHOCTM peayJibTaTOB BCSI nnoma.nb 6bma npocMoTpeHa ,nBa:lK,nhr, Haii.neHo 

OKOJIO 9000 3Bea,n, JI3 HHX ABYXJiy'IeBbiX - 451. Vf 3 AByxnyqeBbiX OT6Hp8JIHCb 3Be3,nbl 1 

x/ M hi ycnoBHO 6y,neM Ha3hiBaTb npoTOHOM oT,na-qn npoToH, ne'I ;rrunl1: rro.n 

' 6onbWMM yrnoM, a pacceSIHHhiM - neTSilliHl1: no.n · MeHbWJIM yrnoM K HanpaB-

neHMIO nepBH'IHOJ1: 'IaCTMUhl. 
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IT 0 BHelllHeMy Bli.UY ITOXO)l{lle Ha ynpyroe 

paa6HThi Ha .uBe rpynnhr. 

p-p-p"acceHHn:e. 3TH coobrTn:SI Ohinn: 

1. Cny'IaH c "'IepHhrM" npoToHOM oT.ua'In: I ~nu·11> 4,Jnuit ::::::= 40 aepeHilOO~/ 
2. Cny'Ian: c "cepbrM" npoTOHOM OT.UB'IR 14 :;;, %m1i-f';J:- 21. 

3¢¢eKTIIBHOCTh H8XO)l{,[leHRSl npn:. nepBR'IHOM npOCMOTpe OK838Jl8Ch paBHOH 

.unH co6hrTn:ft nepBoii rpyn_nhr 168,7 .± 2,91% II BTopoii: rpynnhr-134,5 .± 91% • .[lnH 

BTOpll'IHOI'O ITpOCMOTpa 3TH 3H8'IeHIISl OK838JlllCh paBHhiMH 184,0 ~2,61% II 

156,5 :!:, 121%. 06ruaH 3cPcPeKTIIBHOCTh B peayJihTSTe .UBYKp8THOI'O ITpOCMOTpa 

OK838Jl8Ch paBHOit 195 ±.· 11~ II /71 :t, 91% .[lJISl COObiTIIii: nepBOH II BTOpOii: rpyiTIThl 

COOTBeTCTBeHHO. TaK KBK BITOCJie.[lCTBIIII OK838Jl0Cb 0 'ITO ITO.[l8BJISIIOW:ee OOJlhllliiH

CTBO Haii:.u eHHhiX cny'IaeB 190% I npiiHa.une:m:IIT K nepBoii rpynne, To· 6onee no.u

po6Ho 3cPcPeKTIIBHOCTh HBXO:lK.[leHHSl COObiTIIii: BTOpoii: rpynnhi He IICCJie.[lOBanach. 

npll T8KOit a¢¢eKTHBHOCTII 38 6 'I8COB paOOTbl O.[lliH H80JllO,[l8T.eJib ITpOCM8TpiiB8Jl 

2 
B Cpe.uHeM 12 MM 0 'ITO COOTBeTC'rByeT ,....., 10 M CJie.[lOB nepBII'IHhiX ITpOTOHOB. 

A HaJIII3 Haii:.u eHHhiX co6.hrTIIii: H M eTo .UHKa H3MepeHIIii: 

.[lnH Bhi.Ll eneHHH cny'IaeB ynpyroro pacceHHHH Ha cBOfio.JJ:HOM Bo.u opo:u e OhiJIII 

HCITOJlh30BaHbi CJie.[lyiOW:He KpHTepHH: 

1. CooTHOllleHHe Me:m:.uy npo6eroM npoToHa OT.UB'IH R 11 ero yrnoM c HanpaB:

neHHeM nepBH'IHOro npoToHa 'f y.uoBneTBopHeT Kn:HeMaTHKe yrt'pyroro pacceHHHH. 

2. Yron M9:lK.[ly ITJIOCKOCTSIMH 0 ITpOBe.[l~HHhiMH 'Iepea HanpaBJieHHe 

nepBII'IHOI'O ITpOTOHa H H8ITp8BJieHHe BhlJieTa BTOpH'IHhlX 'I8CTHU 1 paBeH HyJIIO 

lycJIOBHe KOMITJI8H8pHOCTHI. 

3. CooTHollleHn:e Me*.UY npo6eroM npoToHa OT.Ua'In: R II yrJIOM y., 
paCC9SlHHOI'O npO~OH8 C HanpaBJieHIIeM nepBII'IHOii: 'I8CTIIUhl Y.LlOBJieTBOpHeT KHHeMa

THK9 ynpyroro pacceHHMH. 

4. B TO'IKe paccesmn:H He .UOJI)KHO OhiTh HBHoro H.upa o'l'.ua"'III II } -aneK

TpoHa. 

B CJIY'IBHX, KOI'.Ll8 npoTOH OT.[l8'III He OCT8H8BJIHB~eTCSl B KSMepe, II 9!'0 IIMITYJlhC 1 

onpe.ueneHHhifi ITO IIOHH38UIIOHHhiM II3MepeH~SlM 1 II3BeCTeH C OOJlhlllOii OllliiOKOii:, 
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MeHS'InOCh COOTHOllleHire M9:>K.LlY Yf'JIOM pacceHHHOf'O npOTOHa li npOTOHa OT,Lla'IM, BbiiTOn-
' . 

HHIOIUeecH .umi ynpyroro pacceHHMH, 

npo6er npOTOHa OT ,Lla'IM R naMepHncH c own6Koii ue 6onhweii 5%. 

DnH onpe.ueneunH yrna npoToua OT.Lla'IM ueo6xo.unMo auaTh ero uanpaBneune 

n uanpaBneune nepBM'IHOH 'laCTHUbi, TaK KaK yrnoBaH nonywnpnua nbTOKa nepBM'IHbiX 

'laOTHU cocTaBnHna "' 0,2° /puc. I I, To aa uanpaBnemre na.uaromeii 'laCTHUbi Bbr-

6npanocb uanpaBneune ny'IKa. llnH onpe.ueneHHH 9T0f'O uappaBJieHHH B aa.uaHHOH 

TO'IKe sMynbcnouuoro cnoSI no Benn'IHHe npoeKunii ny'IKOBbiX 'laCTHU ua ocn X n 

Y B nnocKocTn 9MynhCHH H3MepHncSI nx yron. Ocn X H Y Bbi6HpaJIHCh B.LlOJlh 

MapKHpOBO'IHhlX JlHHlill lcBeTOBaSI MapKHpOBKal, KOTOphle 6hlJIH napannenhHhl C TO'I-
0 0 

HOCTb!O 0,1 - 0,2 • J..13MepeUHSI B ,LlaHHOH TO'IKe c.uenaHbl Ua 37 CJIOSIX. J..1a-aa 

HCKa:>KeHHH 9MYJihCMH 9TH li3MepeUHH B pa3JIH'IHhlX CJIOHX He ,LlaBaJIH O.LlHOf'O H TOf'O 

:>«: e aua'leHHSI yrna, a 6hrnn pacnpe.ueneubi c nonywnpliuoii oKono 1°. Cpe.uuee aua

'leune yrna .uaeT ncTnuuoe uanpaBneune ny'IKa B aa.uauuoii TO'IKe, HanpaBneune 

ny'IKa 6hlno onpe.ueneuo B 5 TaKHX TO'IKax - no KpaHM pa6o'leii aouhl n B cepe.unue, 
0 

8TH aua'leHMH coBnann B npe.uenax 0,2 • OcuoBHYIO own6Ky B onpe.ueneune yrna 

npoToua 

own6Ka 

OT,Lla'IH BHOCHJia HeTO'IHOCTh B li3MepeHHH yrna norpy:>«:eHHH. B cpe.uueM 9Ta 
' '0 0 

ue npeBbiwaeT 1 - 1,5 , a a HCKJIIO'I euneM cny'laeB c KOpoTKHM npo6eroM 

npoToua OT .ua'IH I <. 500 ,r I. 
J..1aMepeunSI yrna pacceHuuoro npoToua 'f' npoBo.unnnch .LlBYMH cnoco6aMn. 

1. J..1aMepSincSI yron Me:>«:.uy cpe.uunM uanpaBneuneM ny'IKOBbiX 'lacTnu n pac

ceSIUHbiM npOTOHOMo 8TOT cnoco6 B cpe.uueM .Ll8B8Jl TO'IHOCTh nopH,LlKa nonylllHpHHbl 
0 

ny'IKa~ TO eCTh 0,2 , 

2. B6nnan aKTa pacceSIHHH ua paccTOHHHH 20 30,1' , Bhl6HpallCH ny'IKOBhlll 

penepHbiH cne.u, He li!CnbiTaBlllHH B3aHMO.Ll9HCTBHH. llnH onpe.ueneUHH yrna pacceg

HHSI '/.16blll0 npoBe.ue'uo 4 H3MepeHHSI npoeKUHH paCCTOSIHHSI Me:>«:.uy penepHbiM Clle.LlOM H 

cne.uoM, ncnbrTaBlllHM pacceHune, ua ocn X n Y B nnOCKOCTH ~OT09MY llhCHH, 

llBa na~epeuaSI npoBO.LllillHCb .no aKTa pacceHHMSI ua 6aae "'V 2000 )A I 'lepea 5 

nnacTHHOK/rr .nBa - nocne,ua TaKoii :>«:e 6aae. To'IHOCTh H3MepeuHH npoeKurrii 6brna 

,...., 1 )A , 8TO no3B011Hll0 H3MepHTb 

o~pe.ueneurrrr yr~a pacceSIHHH ~ 

I I 
2 - 3 • npn Yf'Oll pacceHHHH C TO'IHOCTb!O 

MO:>KHO 6b!ll0 npeue6pe'lb BKJlB.LlOM MHOf'OKpaTHOf'O 

pacceSIHHH. Own6Ka B onpe.ueneu~m TOlliUHHbi cnoeB 6brna TaK:>«:e Mana. llnH ncKnro

<i:eurrH CJiy'laHHbiX OlllH60K npOBO,LlHllHCh O.LlHOBpeMeUUbie H93aBHCHMbie H3MepeHHH OTUO-
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cnTenbHO Tpex p~nepHhlX cne,noB. 

113 aTHX H3MepeHHfi 1 3HaSI HanpaBneane npOTOHa OT,Ua'!H 1 MO)KHO onpe,nenHTb 

yron HeKoMnnaHapHOCTH r . Omn6Ka B Bemi'IHHe r onpe,nenSieTCSI B OCHOB-

HOM OlllH6KOfi B H3MepeHHH yrna pacceSIHHOrO npOTOHa 'P 
yrna. TaK 1 .anSI 'f = 1° A tf = 3°, ecnn A "f = 3', 

H 3aBHCHT OT BenH'llfHbi ::ITOrO 

113 451 .U Byxny'leBbiX 3Be3,n 6binlf OT6pOlll eHbi 170, KaK SIBHO He COOTBeT

CTBYIOllllfe KpHTepHSIM oT6opa. B ocTanbHbiX cny'laSix npoBo.nHnHCb H3MepeHHSI npo-

6era R H yrna npoToHa oT,na'IH '/)_ • Bee H3MepeHHSI ~Y61Uip.OBanncb. 3aTeM 

6binH c.nenaHbi H3MepeHHSI yrna pacceSIHHoro npo;oHa \.f' nepBbiM cnoco6oM. 0HH 

TaKme ,ny6nHpOBanHCb, llnSI OKOH'laTenbHOrO Bbi,neneHHSI cny'laeB ynpyroro pacceg-

· HHSI yron 't' lf3MepSinCSI BTOpbiM CTIOC060M, TO eCTb C TO'IHOCTb!Q 
I I 

2 - 3 • 

Bb!.neneHHe cny'l~eB pacceSIHHSI Ha CBo6o,nHbiX npoToHax 

M O)KHO nonbrTaTbCSI o{[eHHTb O)KH,naeMbrfi BKna.n KBa3HynpyrHX cny'!aeB 1 KOTo

pb!e 6y,nyT 3aperHCTpHpOBaHhl KaK pacceSIHHe Ha CB060,UHOM BO.UOpO,ne, 113BeCTHO 

[24 - 27] 1 'ITO pacnpe,neneHHe IIpOTOHOB B SI,npe no HMnynbC8M 6nH3KO K Blf.UY 

P/"+Pyz.+ Pz.z. 
e Po2. 

r.ne Po cooTBeTCTByeT aHeprnn .,...., 20 MaB, Pacnpe.neneHHSI npoeKunfi nMnynh

coB npOTOHOB Ha KOOp,nHHaTHbie OCH /pHC. 2/ 6y,nyT HMeTb TaKOfi )Ke BU.U, 0pH 

aToM Po cooTBeTcTByeT aReprHH ,...., 7 M aB, 

PaccMoTpuM, KaK BnHSieT Ra KHHeMaTHKy ynpyroro pacceSIHHSI Ka)K,naSI · H3· 

Tpex cocTaBnSIIOlllHX HMnynbca. KoMnoHeHTa HMnynbca P;t BnuSieT B OCHOBHOM 

Ra cooTRomeHHe R- tf , Py - aa cooTROllleHHe R- ~ HapymaeT 

KOMnnaHapHOCTb, Ha pH C. 3 TIOKa3aHa 3aBHCH MOCTb yrna npOTOHa OT ,a a 'Ill 'f OT 

ero ~Mnynbca .anSI ynpyroro pacceSIHHSI npoToHa npn ·aReprHH 8,5 E9B Ha npoToHe, 

IIMeiOweM HMnynbc P;c = q .± 20 MaBle, ± 42 M9Bic. B HHTepBanax 

/0-20/MaB 
c I 0 -42/ ~ II. 

c 
co,nep)KHTCSI COOTBeTCTBeHHO 20% H 40% BCeX 

KBa3IICB060.UHbiX npOTOHOB, 113 pucyHKa BH.UH0 1 'ITO C HMeiOLUefiCSI TO'IHOCTb!Q H3Me-
O 0 

p.eHHfi HMnynbCa /3%/ H yrna npOTOHa OT,U8'llf /1 - 1 15 / MO)KHO OT.nenHTb He 

MeHee ·80% Bcex cny'laeB pacceSIHIISI Ha KBa3HCBo6o,nHbiX npoToRax. Ha pnc. 4 
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II pHBe,ll eHa aaBHCHMOCTh yrna HeKOMIInaHapHOCTH 
y OT liMIIynhC8 IIpOTOHa QT-

.ll8~ll ,llnH .llBYX aHa~eHH~ Pz B cny~ae, KOI"'.Il8 BbiiiOJ'iHeH KpHTepH~ R-'f. 
BH,IlHO, ~TO ITO KpHTepH!O KOMIInaHapHOCTH MO)KHO OT,IlenHTh HeaaBHCHMO ""V 80% .. 

ocTaBWHXC.II KBaaHyrrpyrux cny~aes~ Ha pHc, 5 npHBe,lleHa aaBHCHMOCTb yrna pac

ce.IIHHOro rrpoToHa .oT HMrrynbca rrpoToHa OT.IlB~H ,lln.II aHa~e.HH.M Py = 0, ±.20 Mas/c. 

no 9TOMY KpHTepH!O MO)KHO HeaaBHCHMO OT6pOCHTh TBK)Ke ,...._, 80% KBaaHyrrpyl"'HX 

co6biTHH, 0TC!O.Il8 rrony~aeTC.II 1 ~TO rrpH HMeiOlllHXC.II TO~HOCT.IIX HaMepeHHfi BKna.ll 

KBaauyrrpyrHx co6biTH~ B ~Hcno Bbi.IleneHHbiX cny~aes 6y.lleT ·cocTaBn.IITh"' I%. 

JJ.nsr K8)KJl01"'0 HaMepHeMOI"'O cny~aH OUeHHBanHCb OU1R6KH HaMepeHHH .II OT6H-

panHch cny~aH, Y.llOBneTBOp.IIIOlllHe KHHeMaTHKe B rrpe.llenax TpOHHbiX omH6oK, Ha 

8 npHBe,ll eHb• pacnpe,ll eneHHH 9THX cny~aeB IIO /t:l 'f I . r =r. /A~ I 
VIa pHc._ 6 rrony~eHo, ~To cpe.llHeKBB.IlpaTH~HaH omH6Ka s HaMepeHHH 

pHC, 6, 7, 

,II Ll f', 

yrna "' 
pasHa ,..., · 1,5°. VIa pacrrpe.ll eneHHH oTo6paHHbiX cny~aes no r BH.IlHO, 

~TO OU1H6KH HaMepeHHil yrnoB HeKOMIInaHapHOCTH OU9H9Hbi IIp8BHnhHO, 

Ha pHc, 8 npe.llCTaBneHo pacrrpe.lleneHHe cny~aes no /ti f / . JJ.n£ aTo~- · 

l"'HCTOI"'paMMbi OT6HpanHCb cny~aH C OCT8H8Bni!B8!0lllHMC.II IIpOTOHOM OT.Il8~H, Y.llOB-

neTBOP;IIIOlllH~ KHHeMaTHKe ITO rrepBbiM .llBYM KpHTepHRM B rrpe,llenax TpOMHOH 

cpeJlH9KBB.IlPBTHtrHoii omH6KH, Ha aTOM pHcyaKe rrpe.llcTaBneabr H cnytraH pacce.IIHH.II Ha 

KBaaHcso6o.llHbrX rrpoToaax, HMeromHx HMrrynhc Py , TaK KBK Py He HapymaeT 

KOMrrnaaapaocTH H .llOBOnhHO cna6o aapywaeT KpHTepH~ R- 'f /PHc, 9/, 
. I 

3Ha~HTenhH8H ,llOnH 9TliX cny~aeB IIOII8,1l8eT B o6naCTh /tCJ ~/>12 /T,e, aa TpOHHY!O 

rronymHpHHY pacrrpe,lleneHH.II/, r.lle HeT cnytraes pacceHHH.II Ha cso6o.llHbiX · npoToHax. 

no '!HCny T8KHX C06biTH~ MQ)KHO OU9Hl!:Th BKnB.Il pacceHHIISI Ha KB8aHCB060,IlHbiX rrpo

TOH8X H .llPYI"'HX cny~aes ¢oaa B o6nacTh /6 \f' / ~ 12! 8ToT BKna.ll oKaabiBaeTcH 

PBBHbiM "'- 2%, 

PeaynhTBTbr 

KpHTepiiHM oT6opa B rrpe,llenax TpOHHbiX cpe.llHeKBB.IlpBTII'!HbiX omH6oK Y.llOB

neTBopHIOT 66 cny~aeBi Ra HliX TOnhKO 2 HMeiOT rrpOTOH OT,IlaqH 1 Bbin9T8!0lllHH na 

9MynhCHOHHOit K8Mepbi, 

Ha pHc. 10 rrocTpoeHo yrnosoe pacrrpe.lleneHne s c.u.M, .llnH cnytraes c yrnoM 

~ 0 0 0 
-... 6,3 • B o6nacTn 0 - 2 15 aa6nro,llaeTcH HecxonhKO MeHhmee trHcno cnytraes, 

~eM B COC9,1lHHX IIHTepBanax, 8TO o6ycnoBneH0 1 BepOHTH01 T9M 1 '!TO HeKOTOpaH 
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n onst co6biTHH c npo6eroM npoToHa oT n aqH R ~ I 0 /" nponycKaeTcsr npH npocMoTpe. 
. . 0 . 0 . . 

n OSTOMY nnst HHTepaana YI"liOa 0 - 2 15 a a en e~a nonpaaKa 3.4±.1.2 cnyqast B 

npennono:a<eHHH, qTo n~t¢¢epeHUHBllbHoe ceqeHue B STOM HHTepaane paaHo cpenHeMy 
0 0 

nH¢¢epeHUHBllb.liOM¥ ceqeHHIO B. HHTepaane 2,5 -6,3 • PacqeTbi noKaaanH, qTo 

BKnan KYliOHOBCKOI"O a38HMOneaciTBHSI a n*li:J!l:JepeHUHBllbHOe.ceqeHHe B 00118CTH yr-
0 . 

noB 6onbwe 2,5 npeHeope:a<HMO Man. ~Toobr oueHHTb BnHstHHe KynoHoBcKoro pac
o 

C9SIHHSI B HHTepBane YI"liOB MeHbWe 2,5 Hy:a<Ha i"Opaano OOllbWBSI CTBTHCTHKB. 

Ha ocaoae oueHKH BKnana KBB3HynpyrHx·cnyqaea 1 nponycKa cnyqaea paccest

HHSI. HB MBllbie YI"llb! H sQ:JQ:JeKTHBHOCTH npOCMQTpa oowee qHCliO cnyqaea ynpyl"Oi"O _ 

paccestHHst Ha cao6onHbiX npoTOHax oKa3biBaeTest paBHbiM 73,9 ..± 9,1. TaKHM o6paaoM, 

ceqemte YfiPYI"Oi"O B38HMOneifcTBHSI nonyqHnOCb paBHbiM 

O;,n .c:;.c = JS,4 ±. 1,1 I MO, 

CornacHo naHHbiM paooTbi [ 29] ceqeHHe yripyroro paccestHHst nnst E 

paBHO /_10 t_·4f MO~ 

B BsB 

Ha pnc. 11 B BHne !"HCTO!"paMMbi npHaeneHo n~t¢¢epeHunanbHOe ceqeHHe 

ynpyroro · p-p~paccestHHst a c.u.M. KpHBast 1 nonytieHa no peaynhTaTaM paooTbi [19]. 

B STOa paooTe HCnOllb3yeTCSI OnTHqecKast MOnenb1 H nnst SHep!"HH n·epBHqHOI"O npo-

TOHS oonbwe 5 Bsa Kos¢¢HuHeHT ,npenoMneHHst cqnTaeTcst paaHbiM enHHHue, a 

38aHCHMOCTb KOSlPlPHUHeHTa nO!"liOLUeHHSI OT panHyCa a3SIT8 H3 paoOTbi [ 181 

K pH Bast 2 paccqHTaHa nnst MonenH qHcTo nornomaromero nHcKa c no.cTostHHbiM 

Kos¢¢nuHeHTOM nornomeHHst. npH s-roM nonHoe ceqeHne npoToH-npoTOHHoro aaaHMo

neiicTanst npHHstTo paBHbiM 30 Mo [so] . 

nonyqeHHoe n~t¢¢epeHuiianbHoe ceqeHne, no-aHnnMOMy, Henbast cornacoaaTb 

C MOnellbiO qHCTO nornOLUBIOLUero ripOTOH8 0 no STOfi MOnenH oe3 yqeTa CnHHOa 

.+..+. . 00 nH't''t'epeHuHallbHOe ceqeHHe non nonyqaeTcsr na onTHqecKofi TeopeMbi: 

rne K 
ceqemte 

0 

aOliHOaoe qHCliO .CT81IKHB8!0LUHXCSI npOTOHOa a C.U.M. II 6i:. - nOliHOe 

p-p aaaHMoneficTBHSI, Dnst 0-t: = 30 Mo nH¢¢epeHuHallbHOe ceqeHHe 

non Q OK83biBaeTCSI paaHbiM 57 Mo/cTep, 1 a TO apeMSI KBK H3 pHC, 11 aHnH0 1 qTo 
0 . 

a o6nacTH 6nH3Koa K 0 n~t¢¢epeHuHanbHoe. ceqeHHe aHaqHTenbHO 6onhwe. 

CornacHe pacqeToB no onTHqecKofi MobenH c $KcnepHMeHTanbHbiMH peaynb

TaTaMH nonyqaeTcst, ecnH npennono:a<HTh, qTo Kos¢¢HuHeHT npenoMneHHst He paaeH 

enHHHue, To ecTh HMeeT MecTo noTeHUHBllbHoe paccestHHe. BoaMO:a<Ho, cornacHe 
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TaK:>Ke IIOJIY'IHTCSI, 9CJlli npe.UIIOJIO:>K~Tb 0 'ITO C9'I9HiiSI BSaliMO.ll9iiCTBiiSI B CliHrJieT

HOM 1i TpliiiJI9THOM COCTOSIH!iSIX paSJIIi'IHblo Pa6oTa IIpO.UOJI:>KaeTCSI 0 6onee IIO.z:lpo6-

Hb!il: aHaJIIiS 9KCII9p!iM9HTaJibHb!X .UaHHb!X 6y.ueT c.uena~ IIOC.Jl9 • yBeJIIiti_9HiiSI CT8TU-

CTHKiio 

B saKJIIOtieHne aBTopbi ctiHT;·IOT cBOHM npHSITHbiM .uonroM BbrpasuT& 6naro

.uapHoCTh KOJIJ19KTUBY o6cJiy:>KiiBaHiiSI CUHXpociJasoTpOHa 06oe.UUH.9HHOrO UHCTiiTyTa . 

SI.UepHhlX UCCJ19.UOBaH!iil: 3a o6nytieH!i9 9MYJlhCiiOHHOI K8M9phl ll KOJIJ19KTllBY ceKTO

pa o6pa60TK!i cPOTOSMYJibC!iil: na6opaTOplili BhlCOKiiX 9Hepr!iil: 06'b9.llliH9HHOrO liH

CTiiTyTa sa XliM!i'I9CKYIO o6pa6oTKY ciJoTOSMyJih.Ciili. ABTOp::.r otieH& 6naro.uapHbi 

qneHy-KoppeciiOH.ll9HTY A H CCCP n.l1.BnoXIiHUeBy' aKa.ueMiiKY B.l1.BeKcnepy. 

M.llaHbrwy, M.l1.no.uropeuKoMy n K.n.ToncToBy sa ueHHbre saMetiaHHSI npli 

o6cy:>K.ueHiiSIX li liHTepec K pa6oTe. Mbr XOTHM no6naro.uapliTh TaK:>Ke M.ct>.Po.uH

qeBy sa onpe.uene,Hiie co.uep:>KaHiiSI. Bo.uopo.ua B cyxoil: 9MYJibCiili 0 n.r .Kp!iB9HUOBY 

sa onpe.ueneHiie Bna:>KHOCT!i li y.u~n&Horo Beca ciJoTosMyJI&Ciili li rpynny na6opaHTOB 

Sa IIpOCMOTp li li3MepeHHSI. 
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= 1 CIIVVII,t 

0,5" • , ' 

Pacnpe.ueneHue npoeKuiiii yrnoB nepBII'IHbiX npoTOHOB Ha npoua
BOnhHYIO nnocKoCTh, npoxo.usnuyiO qepea och nyqKa, 

3 

Pacnono>KeHIIe cnararoruux UMnynhca KBaaucao6o.uHbiX npoTOHOB no 
OTHOlll9HliiO K nnOCKOCTII pacceSIHIISI. 1, 2, 3 - HanpaBneHIISI nepBH'IHOI"'O 

II BTOpU'IHhl* npOTOHOB, 
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P2, I13Bjc 

PHc. 3. 3aBHCHMOCTh yrna npoToHa oTna'IH '{J /npoToH, pacce!IBWHliC!! Ha 
oonhwHli yron/ OT ero HMnynhca nn!l pa3/IH'IHhiX 3Ha'IeHHli cnararoweli 
HMIIYIIbCa KBa3HCBooonHoro rrpoToHa ({ 10, .±20 Msa/c, ±.42 Msa/c/. 

,o• 

6' 

42 

20 

0 

PHc. 4. 3aBHCHMOCTb yrna HeKoMrrnaHapHoCTH ({ oT HMIIYIIbCa rrpoToHa oTna'iH 
lliJ.!I 3Ha'IeHHli cnararomeli HMIIY/IbC8 KB83HCBOOOllHOrO npOTOH8 
1-'z =20 Msa/c H 42 Msa/c. np!!MOyronbHHK8MH H30opa:»<eHbl 3KCIIepH

MeHT8/IbHble owHoKH.· 
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too J.oo Joo .fOO Sl:io 600 
P2 , MJB/c 

Puc. 5, 3aBUCUMOCTh yrna pacceSIHHoro npoToaa 'f /npoToa, pacceSIBwultcSI 
Ha MeHhwull yron/ oT UMnynbca npoToHa oTnaqu nn11 3Haqeaul! cnararo
mux uMnynhca KBaaucao6onHoro npoToHa Py = 0 u ±_20 Msa/c, 

" 
Jo 

20 

"10 

1. 2. J. ~~· S" 6° /'' 'P/ 
Puc. 6. PacnpeneneHIIe cnyqaea ynpyroro pacce!IHUSI no /Ll '{'/.' Ll 'f -pa3HOCTh 

Memny U3MepeHHbiM yrnOM npOTOHS OTnS'lU U yrnOM 1 KOTOpb!l! COOTBeT
CTByeT era npo6ery no KUHeMaTuKe, 

J 
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~ l 

to 

1.ll 3u r 

Pnc. 7. PacnpeaeneHne ,, c~yqaeB ynpyroro pacceSI~llSl_ no r. r =!A. a;; l 
rae (( - yron HeKoMnJiaHapHocTn, a Ll tf' - ero oum5Ka, 

Pnc. 8, 

tt! '16' 2A' 1i' .. 21' 31' -40' 

PacnEeaeneHne cnyqaea, oTo5paHHbiX no nepBbiM LtBYM KpnTepnSIM 
I 1<- f n KOMnnaHapHOCTh/ no /Ll 'f/, 



- 16 -

'f 
too' 

gs· 

go' 

&t' 

75' 

+137 
-07 
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• · .Fov ovo fl 7Q 2oo Joo -.oo ro /'1JBt, 
•o ~ ~· 1' 

Pnc. 9, 3aBHCHMOCTh yrna npoToHa oT.na"'H 
'l.nn aHa"'eHHii ·cnar·aiOweii HMnynhca 
~!I =- 0, .± 137 MaB/c, 

N· 

10 

8 

6 

4 

2 

1,ooo 1,998 .. 0,9!16 0,994 

'f oT ero HMnynhca ~ 
KB83HCB060.llHOI'O npOTOH8 

Co~ 'f'c.~ ..u 

Pnc. 10. YrnoBoe pacnpe.neneHne cnyqaeB ynpyroro paccef!HHfl .nnn yrnoB 
~ 6,3° B c.u.M. 

...J 
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Pn:c. 11. .ll n:cpcpepeHun:anbHoe ceqemre ynpyroro pacceSIHHSI npoToHoB c aHeprn:e~ 
8,5 Baa Ha npoToHax B c.u.M. UJTpn:x-nyHKTHpHoli nHHHeli B nepBoM HH
Tepeane YK838HO nHcpcpepeHuHa.llbHOe Ce'IeHHe oea nonpaBKH Ha nponycK 
cnyqaee · npn: M8.1lbiX yrnax. KpHBbie 1 H 2 pacc'IHTaHbi no onTH'IecR:oli 
Monenn: anSI 'IHCTO' nornoruaroruero npoTolta B paanH'IHbiX npennonome
HHSIX 0 38BHCHMOCTH K·OacpcpUUHeHTa nornorueHUSI OT pann:yca, . . 


