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npn: IIOMOlUH aHcpcpy3HOHHOii •K8Mepbi HccneaoBan·ocb Heyrrpy!"oe B38HMOae:H-

CTBHe IIOnO)iOfTenbHbiX H OTpRUaTenbHbiX 

SHepi"RHX cooTBeTcTBeHHo 273 MsB Ir 330 MaB. YlaeHTn:cpnunpoBanirch cnyqan: 

KB83HCB050aHOI"O pacceHHRH H8 HeHTpOH8X H IIpOTOH8X 1 cny'laR Kp8THOI"O pacCeHHHH 

H cny'laH IIOI"nOLUeHRH Me30HOB. nonHbie Ce'JeHRH Heyrrpyl"OI"O B38HMOaeiiCTBHH 

-27 2 c -21 2 
COCTaBnHIOT 1145"t,)51•JO CM IIpR C..Jr = 273 MsB If IIQ3_:!: 101•10 CM -

rrpR E Jr.= 330 MsB. Ha:HaeHo, 'ITO OTHOCRTenhHbie BepoHTHOCTH KBaancBo5oa-

HOI"O pacceHHRH Ha HeiiTpoHax Ir rrpoToHax Ha yi"nbi ·> 45° B na5opaTOpHo:H cue-

TeMe KOOpaRH8T H8XOaHTCH B cornaCHH C COOTBeTCTBYIOUllrMir BepOHTHOCTHMir pac

ceHHirH Ha CB05oaHbiX HyKnqHax. BepOHTHOCTb rrpoueccoB Kp8THOI"O pacceHHirH OKa-

aanacb paBHOif 0,24 ±.,0,06 npn: 

3KcnepnMeHTanhHbie peaynhTaTbi noaTBep)KaaroT crrpaBeann:BocTb cymecTByro-

mn:x npeacTaBneHn:if o6 ocHoBHoii ponn: I np I -nap B rrornomeHn:H 

HapaMn:. YrnoBoe pacrrpeaeneHn:e Heynpyl"oro pacceHHn:H 

eTcH c pac'leTaMn: BaTCOHa-UeMaxa. 

B B e ·a e H n: e 

A -Me30HOB cpaBHirBa-

OcHOBHbie HBneHn:H, npon:cxoaHmn:e npn: pacceHHHH 5biCTpbiX 

Hapax, B rrepBoM npn:5nn:)KeHHn: xopomo onn:cbi:BaroTcH Ha ocHoBe Moaenn: Cep6epa
ll 2/ 

ronha6eprepa , • B COOTBeTCTBirlr c 9TOH MoaenbiO Heynpyroe pacceHHire pac-

CM8TpHBaeTCH KaK peaynbTaT B38IrMOaeiiCTBHH 

noHaMH Hapa. HyKnOHbi Hapa npeacTaBnHIOTC.H KaK COBOKynHOCTb HeB38IrMoae1i

CTByiOlUHX '18CTirU 1 HaxoaHlUHXCH B nOTeHUH8nbH01i HMe H HMeiOlUirX HeKOTOpOe 

pacnpeaeneHn:e no n:MnynbcaM. 

nornomeHHe Jr-MeaoHoB HapaMH yKnaabiBaeTc.s:r B paMKH Mexaan:aMa 

rrornomeHHH rrapaMH HyKnoaoB, rrpn:qeM 
13-61 

My, I np 1- napaM • 

rnaBHaH 

,UanhHeilmee pa3BHTire rrpeaCTaBneHirii 0 MeX8HH3Me B38HMOaeiiCTBHH 5biCTpbiX. 

'JC -MeaoHoB c HapaMn: Tpe6yeT 6onee aeTanhHbiX sKcrrepn:MeHTanhHbiX n:ccneao

BaHn:li. B '18CTHOCTH, O'JeHb B8)KH0 ycTaHOBHTh B IlpHMbiX OilbiT8X CTeiieHb To)Kae

CTBeHHOCTH IlpOHBnHIOlUirXCH rrpn: pacceHHirlr CBOiiCTB CBo6oaHhlX Ir CBH38HHhlX HYK-
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noHoa, ponh npoueccoa aaanMoaeilcTBHH c yqacTneM 6onee oaHoro HyKnoHa n T.a. 

VIccneaoaaHHe 3THX aonpocoa npeacTaanHeT 6on&uni:E:; :aKcnepnMeHTan&Hbie 

TpyaHocTn. 3aaaqa HecKon&Ko ynpomaeTcH, ecnn a KaqecTae MHllleHn ncnon&ao-

aaTh nerKIIe Hapa n onbiTbi nponaaoan.Th KaK c nono:>KnTen&HbiMH TaK n c oTpnua-

Ten&HbiMH 11. -Me30H8Mllo 

HacToHIUaSI pa6oTa nocBSIIUeHa nayqeHHIO npoueccoa Heynpyroro aaaHMoaeil-
+ 

CT BIIH Jf~MeaoHoB c HapaMH rennH npn sHeprnn oKono 300 M sa. 

1. nocT8HOBK8. OilbiTa II HCilOnb30B8HH8SI "annapaTypa 

VIccneaoaaHne aaanMoaeacTBIISI rL -MeaoHoB c HapaMH rennH npoaoannocb 
,. 

npH ilOMOIUH ancpcpyaHOHHOH K8M9pbi BbiCOKOPO aaaneHHSl H8 ny'lK8X X -MeaoHoB 

OT CHHXpOUHKnoTpOH8 06'beaHH9HHOPO HHCTHTyTa SiaepHbiX HCCneaOB8HHH. CXeMbi 

pacnono:>KeHHSI sKcnepnMeHTan&HbiX ycTpoilcTB npn pa6oTe c x.- - n 1lt -MeaoHa

MH npHBeaeHbl COOTBeTCTBeHHO H8 pHC, 1 H 2. 

nnSI nonyqeHHSI OTpHU8TenbHhlX X-MeaoHoB ncnon&aoaanacb yrnepoaHaSI 

MIImeHb M , noMemeHHaH BHYTPH KaMepbi ycKopnTenSI Ha nyTH unpKynnpyromero 

ny'lK8 npOTOHOB C SHeprneH 670 Msa. 0TKnOHHBI.!.lHCb B KpaeBOM MBPHHTHOM none 

yCKOpHTenSI 1 jt- -MeaoHbi npoxoannn qepea cTan&HOH KonnnMaTop K 
1 

anaMeTpOM 

100 MM B 'leTbipeXMeTpOBOH 6eTOHHOH 38IUHTe 1 nocne 'lero eme paa OTKnOHSinHCb 

O'lHIUBIOIUHM MBPHHTOM Mr 0 
Ha yron 22 H nonaaann a ancpcpyanoHHYIO KaMe-

PY nK. 

nnst nony'leHHSI nono:>KHTenbHbiX Jr. -MeaoHoB 6bm ncnonbaoaaH ny'lOK npo-

TOHOB, BhiBeaeHHbiH H3 K8Mepbl ycKopnTenSI. nonnsTnneHOB8SI MHllleHb M Tonmn-

HOIO 200 MM ycTaHaBnHBanaCb B cpoKyce KBaapynonhHhiX MBPHHTHbiX nHH3 n nocne

KonnnMaTopa Kl." npii ilOMOIUH KonnHM8TOpoa K3 H K4 H aHannanpyromero M8PHII-

Ta Mr oT6npancst MOHoxpoMaTnqecKnil ny'loK jlt -MeaoHoB oT peaKunn 

. P+p--:n:+ +d. • neTSIIUHX noa yrnoM 9° K HanpaaneHHIO npoTOHHOro ny'lKa. nnc:p~ 

cpy31IOHH8SI K8Mepa 1 KBK II B nepBOM cnyqae 1 pacnonaranacb B SKCnepHMeHT8nhHOM 

ilOMeiUeHHII 38 qeTbipeXMeTpOBOH oeTOHHOH 38IUHTOH. 

B o6onx cnyqaHx nepeu KaMepoa ycTaHaannaancH KonnnMaTop Kt c ceqeHIIeM, 

paBHbiM paaMepy BnycKHOPO OKH8 ancpcpy3HOHHOH K8Mepbi /3 0 x60 MM I. nnSI O'!HcT-

l 

I 
I 

I 
l 
I 
I 
I 

I 
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KH ny'!Ka UOJlO)KHTeJlbHbiX Jl -Me30HOB OT npHMeCH UpOTOHOB 1 HMeiOIUHX O.llHHaKo-

Bbie c MesoHaMH HMny~bCbi 1 nepe.n xonnuMaTopoM K
2 

noMeruancSI yrnepo.llHhiH 

tPHJlbTp Cl> TOJ'IIUHHOit 60 MMo C UeJlbiO yMeHbW eHHSI tPOHa· OT UOCTOpOHHHX qac-

THU .llHtPtPY3HOHHaSI KaMepa OKpy)KaJlaCb .llOUOJ'IHHTeJlbHOH 38IUHTOH H3 5eTOHa If 

CBHHUa. 

8ueprHSI 1i. -MesoHoB onpe.nemmach uyTeM Monenupoaam:SI HX TpaexTopu:H 

rH6KHM npoBO.llHHKOM c TOKOM. Ha nyqxe Ji:+ -Me30HOB .llOUOJlHHTeJlbHO CHHManacb 

KpHBaSI npo6eroB B Me.llHo J.13 9THX H3MepeHHH cneayeT, 'ITO C 'yqeTOM HOHH38UIIOH-

HhiX IIOTepb B tPIIJlbTpe II CTeHKaX KaMepbl 9Heprn:SI UOJ'IO)KI!TeJlbHhiX 

cocTaanSina /273'z,7 I Maa H aueprHSI oTpn:uaTenbHhiX :K -MeaOHoB - /330.:!:,6/ Maa. 

B onhiTax Hcnonbsoaanacb t:tn¢¢ysn:ouHaSI xaMepa t:tHaMeTpOM 270 MM 1 uanon-
17/ 

HeHHaSI renn:eM npn: .naaneHn:n: 15 aTM • B xaqecTae pa5oqeil: *H.llKOcTn: nprrMeiiSin-

.. B - 65°C CSI MeTIIJ'IOBbln cnn:pT. biCOTa 'IYBCTBIITeJlbHOJ'O CJ'IOSI npH TeMnepaType .llH8 

n: TeMnepaType HCTO'IHIIKa napa + 10°C cocTaBnSina 5-6 eM. 'l{yacTBHTenbHhi'i!: cno:H 

ocaeruancSI c .nsyx cTopou napannenbHhiMII nyqKaMn: caeTa. ¢oTorpa¢n:posauue xa-
o 

Mepbi npon:aao.un:nocb no.n yrnoM 90 K HanpaaneHn:IO ocserueun:SI cTepeo¢oToannapa -

TOM C napanJleJlbHhiMII OUTH'IeCKIIMH OCSIMII 05'beKTHBOB H 6asoit 120 MM. 05'beKTIIBbl 

n:Menu ¢oxycuoe paccTOSIHn:e F = 35 MM H oTuocn:TeJlbHOe oTaepc'rHe 1/7. LI.nSI 

¢oTorpa¢n:poaaHHSI ucnonh3oBanacb 35-MHJ'IJ'IHMeTpoaaSI nneHKa flauxpoM X, qys-

CTBHTeJlbHOCThiO SOBS = 1000 e.nn:HHU rocT c KOIITpaCTHOCThiO 0 = 1,6. 
I 

flpn: 9KCUOHHpOB8HHII .lllltPtPY3HOHHOH KaMepbl YCKOpHTeJlb pa5oTaJ1 B o5hi'IHOM 

.nmr TaKara po.na onhiTOB ynpasmieMOM pe*HMe. floTOK qacTn:u, npoxo.nHrun:x •Iepes 

K8Mepy, perynHpOBaJlCSI ll3MeHeHHeM 'IIICJ'Ia UHKJ'IOB YCKOpeHHSI H B cpe.nHeM co-

cTaanHn oxono 20 qacTHU Ha KB')K.llOil: ¢oTorpa¢n:H. Un:xn pa6oTbi B sHa<mTenbl:io:H 

Mepe onpe,lleJ'IHJ'ICH tPOHOBbiMII yCJ'IOBHSIMII. II BaJ.U>HpOB8JlCSI OT 7-10 ceK B nyqKe 

OTpHUaTeJlbHbiX Me30HOB .llO 15 - 18 CeKyH.ll B ny_qKe llOJ'IO)KHTeJlbHbiX Me30HOB. 

2. M eTO.llHKa o5pa6oTKH ¢oTorpa¢H1i H H.lleHTH¢n:xauHSI cnyqaes 

B3aiiMO.ll eil:CTBII SI 

Cny'IaH asaHMo.ne:HcTBHSI oT5n:panHCb nyTeM .uayxpaTHOro npo.c.MOTpa ¢oTo

rpa¢n:A qepes cTepeonyny. J.1sMepeHn:H ueo5xo.nn:MhiX yrnoa H .nnHH npo6eroa qac
/8/ 

THU UpOH3BO.llHJ1HCb Ha penpoeKTOpe • :[lJ'ISI BCeX BTOpH'IHbiX 'IaCTHU H3MepSIJlllCb 
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Jl B8 yrna: yron Me:>KJJ.y HanpaaneHIHIMH nepBII'IHOH H BTOpH'IHOH '18CTHU 8 II aan-

MYT8nbHhlH yron 1 • .SonbWHHC~BO H3MepeHIIH MO:>KHO 6wno BhliTOnHHTb Henocpen

CTBeHHO nyTeM npgMhlX OTC'IeTOB ITO nHM08M npn6opa. C 9TOH uenb~ OCb Bparue

HHR 9KpaHa coaMewanac& c HanpaaneHHeM cnena nepBH'IHoil: qacTIIUhl, nocne qero 

nono:m:eHHB nnOCKOCTli paccegHHH HaXOJJ,IInOCb aparueHHBM 9KpaHa BOKpyr 9TOH OCH. 

KpHTBpHeM BOCCTaHOBnBHHg HCTIIHHOT'O nono:m:eHHH cneJJ,a B DpOCTpaHCTBe cny:m:HnO 

coananeHne Ha 9KpaH~ o6enx ero npoeKunil:. B TOM cnyqae, Korna cnen BTopii'I-

Hoi!: qacTHUhi pacnonarancg a o6nacTII, a KOTopoil: Hen&aH nony'IHTb cTepeonpoeKuii~ 

aTHM cnoco6oM, oc& apameHng noaopaqnaanac& a ropH30HTan&Hoil: nnocKocTH Ha 

0 ~· 8 yron 90 , II HenocpeJJ.CTBeHHO H3MBpgnHCb yrnhi J II 0 CBH38HHb!e C ~ II 8 
npOCTb!MH COOT HOW BHllg Mil: 

I I 

t~ 'f =t9 8 SLnj' . Ill 

3necb :r' - eCTb llpOeKUHH yrna 6 Ha BepTIIKan&Hy~ nnOCKOCTb II e' yron 

MB:>KJJ.y cneJJ,OM BTOpli'IHOH '18CTHUbl II OCb~ BpameHng. 

B cnyqae, Korna cnen nonanan B·"MepTBY~ aoHy" penpoeKTopa H3MepeHng 

npnxonnnoc& BeCTII KOOpJJ.HH8THbiM CITOC060M. Yron Dpll BBpWHHe KOHyCa "MBpTBOH 

30Hhl" COCTaBnHn OKOnO 40°. 

B npouecce HJJ.BHTH¢nKaUHII cnyqaea aaanMoneil:cTBHH cymecTBBHHY~ pon& 

HT'panH peayn&TaThl H3MBpeHHH npo6eroB H ynenbHOH HOHH38Ullll '18CTHU, 

3a JJ.nHHY npo6era npiiHIIManOCb paCCTOHHHB Me:>KJJ,y TO'IKOH B38HMOJJ,eHCTBHg, 

COOTBeTCTBY~lllBH TO'IKB nepece'IBHHH CneJJ.OB Obi8Tpb!X '18CTHU 1 H KOHUOM cneJJ,a 

OCT8H8BnHB8~lUBHCH '18CTHUhi, yMeHbillBHHOB Ha ITOnOBHHY WHpHHbl cnena. nony'leH

Hag TaKHM o6paaoM nmrHa yMeH&ruanac& eme Ha 5% a eagan c II3MeHeHIIeM Mac

ruTa6a., B03HHKa~IUIIM npn penpoeKTHpoaaHHII nao6pa:m:eHHH na-aa ycaJJ.KII nneHKH, 

Bonpoc o TOM, aaKaH'IHBaeTcH nii npo6er 'lacTIIU a ocaemeHHoil: o6nacTH KaMepw 

Ka:>KJJ.hiH paa nonaeprancg TIUaTen&HOMY aHamray. To'IHOCTb onpeneneHIIg aHepriiii 

qacTIIU aTIIM cnoco6oM 6wna npoaepeHa nyTeM cpaBHBHIIH peayn&TaToB II3MepeHIIH 

npo6eroa oC -qaCTliU OTJJ,8'1H 1 o6pa3yiOIUliXCH Dpll ·ynpyroM paCCBHHllli 0 C pacqe-

TaMII no ¢opMyne EeTe. 0wii6Ka a cpenHeM He npeBbiwana 15%, 

YfOHli38UliH H3MBpHn8Cb MBTOJJ.OM OTHOCHTBnbHOT'O ¢oTOMeTpiipOB8HIIH, T,e, ny-

TeM cpaBHBHIIg ¢oTorpaMM li306pa:>KeHIIH cneJJ,OB '18CTHU H3BeCTHOH H HCKOMOH 

/9/ 
HOHH38Ullll , YJ 3MepeHHg HOHH38UHII ilpOBOJJ.HnHCb TOnbKO B TeX cnyqagx, KOT'JJ.B 

I 

I 
I 

I 
I 
! 
l 

t 

f 

I 

I 
I 
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BH3yanbH8£ OUeHKa OK83hlBanacb HeDOCTSTO~HOA nn£ ueneA HDeHTH¢HK8UHH H Hym

H hi 6bmH 6onee TO~Hbie naHlibie. 

B o6'beMe KaMepbl HapBDY c renHeM npn:cyTCTBYIOT napbi MeTn:nosoro cnHpTa 

CH OH. OnHaKo n:x npn:Mecb B ~YBCTBHTenbHOM cnoe HeBbiCOKa. KaK noKa3biBaiOT 
3 

OUeHKH, OTHOWeHHe ~Hcna cny~aeB B38HMOD~HCTBH£ C BODOpODOM K ~Hcny cny~aeB 

Ha renHH He non:m:Ho npeBbiWaTb "-' 0,002 nmr Jf.- -Me30HOB H ...._ 0,01 - Dn£ 

BKnan oT cny~aeB Ha 0 H C He nonmeH npeBbiWSTb "' 0,02. 

noaTOMY DpH 8H8nH3e Ha6niOD8BWHXC£ cny~aeB B38HMOD efiCTBHB C~HTanOCb1 'ITO 

BCe OHH 38 HCKniO~eHHeM BBH.blX yrnepODHbiX H KHCnOpODHbiX 3Be3D BBnBIOTCB 

B38HMODefiCTBHBMH C BDp8MH renHB. 

npe:m:ne ~eM nepefiTH K H3nO:>KeHHIO npouenypbl HDeHTH¢HK8UHH pa3nH~Hbi:,( 

npouecCOB B38HMODefiCTBHB J[± -Me30HOB C S1Dp8MH renHSI 1 BbiDHWeM OCHOBHbie 

peaKUHH: 

:K.-+ HeL Jl.-+ He 4 

:rC+- n+He3 

j[-+p +H3 

Ill 

121 

131 

Ynp.pacc. 

Heynpyroe 
paccesrHn:e 

JC.r(2n,2p) 141 

SL
0
+ n + H3 

rt0+(3n,ip) 

n+n+d 

.3n +p 

151}06MeHHOe 

~61 paccesrHHe 

17 I} Hepann:aun:oH. 

18/ 38XBaT 

Jt+ +He <t-- x+-+ He4 11'1 

Jf. ++rl+He 3 
/2'1 

2<.+ tp.,_f.t3 13'1 

Tl+t(2n,2p) 14' I 

1.1lo•p•He• 15'1 

.11:
0-t(in,Jp) /6'1 

{P•p•d 17'1 

n+3p IB' I 

KoM6HHaurrsr H3 HyKnoHoB 1 3aKniO~eHHasr 3necb B CKo6KH 1 MO meT 6biTb nefi

TpOHOM H DBYMB CB060DHbiMH HyKnOHSMH HnH . :>Ke ~eTblpbMSI CB060DHbiMH HyKnOHa-

BbrneneHn:e cny~aeB ynpyroro pacceSIHHB /1 I, II' I npoH3Bonn:nocb no KHHeMa

TH~eCKHM ycnoBHSIM pa3neTa ~acTHU H nonpo6Ho onn:caHo B 110, 111. 

PeaKUHH 121 H 12' I Ha ¢oTorpa¢n:Bx, KaK npasn:no 1 npencTaBnBIOT co6ofi 



- 8 -

!l ByXlly'IeBbie 3Be3IJ.bi C HeKoppe11HpOB8HHbiMH nyqaMH, 1[ -Me30H IJ.Oll)!{eH HMeTb 

HOHH3aunro, 5nnaKyro K MHHHM81lbHoii: • .Hapo He 3 
a aToii: peaKunn Me.aneaaoe, n ero 

npo5er a 5ollbllHIHCTBe cnyqaea aaKaHqnaaeTcH a ocaemeHHoii: o5nacTH, Ha npouecchr 

12' I BHemHe oqeHb IIOXO)!{H HeKOTOpb!e Cllyqan 05MeHHOI'O pacceHHHH 1 KOI'!l8 B 

peaKuHH · 15' I Bbl1leTaeT 5biCTpblH IIpOTOH, .[lllH paaaeneHHH' T8KHX Clly'Iaea H3Me-

pH118Cb HOHH38UHH 5biCTpoit qacTHUbl, npH STOM HMellOCb B BH!lYt 'IT0 1 K8K IIOK83bi

B8IOT KHHeM8THqeCKHe pacqe'I;'bl 1 HOHH38UHH, rrpOH3BO!lHM8H lleTHIUHM Brrepea 5biCTphiM 

npoToHoM, He MO)!{eT 5biTh c aaMeTHOit aepOHTHOCTbiO HH)!{e aayKpaTHOii, 

,npyroit B03MO)!{HOCThrq, IIp8B!l8 1 3H8'IHTeJibHO MeHee BepOHTHOii: IJ.JIH peaKUHH 

121 H 12'1 

Hapo He 3 
HBJIHeTCH OIJ.HOl!Y'IeBaH 3Be3IJ.8 1 o5p83YIOIU8HCH B TOM CJiy'Iae, KOI'!l8 

HMeeT O'IeHb M81Ibli!: HMIIYJibC H ero npo5er H8 ¢oTorp~¢nn Hepaa-

llH'IHM, OT peaKuHi!: 181 H 1~"1 TaKne cny'IaH TaK)!{e oTaenHIOTCH c noMOlllb'IO 

HOHH38UHOHHbiX H3MepeHHii:, 

HecKonhKO 5onhwHe TpyaHocTH aoaHHKaiOT npn naeH:nn¢nKaunn npoueccoa 

131, 13'1. B caMOM aene, 5oJibWHHCTBo cny'Iaea 131 H 13'1 npeacTaanHeT co5oi!: 

Tpexny'IeBbre aaeaabi, Ho K Tpexny'IeabiM aaeaaaM npHBOIJ.HT TaK)!{e npoueccbi 

14/1 14'1, 16'1, 17'1, 18'1, noaTOMY IIpH HIJ.eHTH¢HK8UHH He05XOIJ.HM BCeCTOpOHHHll 

aHanna cny'Iaea, Y'IHTbiBaromni!: ace oco5eHHOCTH nepe'IHcneHHbiX peaKUHH, 

Via o5meii: Macchi Tpexny'IeBbiX aaeaa, npe)!{ae acero, nerKo MO)!{eT 5biTh 

ahlaeneHa Ta qacTh cny'Iaea c ahlneToM no KpaiiHeit Mepe oaaoii: HeiiTpaJibHoi!: 'Iac

:rnuhr, a KOTOpbiX cpaay BHIJ.H0 1 qTo abilleTaiOIUHe TpH 'I8CTHUbl He B COCTOHHHH c5a

JI8HCHpOB8Th H8'I81lbHblll HMIIYJibC, 3TO Bblp8)!{ aeTCH HllH B TOM, 'ITO ace TpH 38pH-

)!{eHHbie 'I8CTHUbi lleTHT B 38IJ.HIOIO · IIOJiyc¢epy 1 HllH )!{e B TOM, 'ITO I!pOeKUHH 

H8IIpaaneHHii: 38pH)!{eHHb!X 'I8CTHU H8 83HMYT8JlhHYIO IIJIOCKOCTh Jie)!{8T B K8KOii-HH-

5yiJ.h OIJ.HOii: IIOllYIIllOCKOCTH, 

Cneayromnii: war a HIJ.eHTH¢HK8UHH TpexnyqeabiX 3Be3IJ. T8K)!{e OCHOBbiBaeTCH 

H8 COXpaHeHHH HMIIYllhC8, EcnH a KOHe'IHOM COCTOHHHH Bbl1leTaiOT TO!IhKO TpH 

'I8CTHUb! 1 TO H3MepeHHbie IJ.JIH HHX YI'llbl 'i. 11 8 BMeCTe CO 3H8HHeM BenH'IHHhl 

Ha'IanhHOro HMIIYJihca aaroT. B03MO)!{HQCTb abrqncnHTb aHaqeHHH nx UMrrynhcoa, Ecnn 

KpOMe Tpex 3apH)!{eHHb!X 'I8CTHU B peaKUHH BbilleTaiOT eme Hei1Tp81lhHb!e qacTHUb! 1 

TO T8KOi!: pacqeT He aaeT HCTHHHOI'O 3H8'IeHHH HMIIYJibC8, B 9TOM cnyqae Bbipa)!{e-

HHe !lllR paC'IeTHOI'O HMIIYllbC8 P~ MO)!{eT 5biTh rrpeacTaaneHo a anae: 

Pn• = P.,- C}n 191 

I 
I 
j 

I 
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3.n.ech . Pn - HcTHHHbrii: IIMnynhc n -oii: tiaCTIIUb!1 a g,n HBnHeTCH .lJ.OBOnhHO 

CnO)KHOH cpyHKUIIeii: MHOJ'I:!X Beniit{I:!H II MO)KeT llpi:!HIIMBTh KaK nonomiiTenhHbie1 

TaK II OTpiiUaTenhHbie 3H8'IeHIIH. noaTOMy 38 .D.OCTBTO'IHOe ycnoBIIe BbineTa no 

Kpaii:Heii: Mepe O.D.HOH Heii::rpanhHOit 'IBCTIIUbi MO)KHO npiiHHTh llOHBneHIIe OTpliUaTenh

HbiX aHaTieHIIii: .n.ns:r Pn 1 

UenhJO .n.anhHefiweii · II.D.eHTIItPIIKaUHII 6brno· Bhr.n.eneHne na ocTaBWIIXCH Tpex

nyqeBbiX asea.n. cnyqaea c BbrneTOM TonhKO Tpex .TiacTliU 131 1 13' I 1 17' I. L{ns:r 

3TOI'O Ha OCHOBe nony'IeHHbiX 3H8'IeHHii: IIMnynhCOB npoBeps:rmCH 6anaHC 3Hepl'IIII 1 

llpli'IeM B cny'I8HX 1 KOI'.D.B He 6binO HCHOCTII KBKOii 'IBCTIIUe npiiHa.n.nemliT TOT' IInli 

IIHOii cne.n., .n.enaniicb paanH'IHbie B03MomHhre npe.n.nonomeHliH oTHOCIITenhHO IIX npii

po.n.hr. KpoMe 6anaHca aHep:riiH paccMaTpiiBanach yrnoeas:r Koppens:runs:r Mem.n.y' g( -

Me30HOM II npoTOHOM B 131 li 13' I IInii Mem.n.y .D.BYMH npoToHaMII B 111 npii ycno-

BIIII 1 'ITO 38 Ha'IanhHbiH liMnynhC npiiHHTa COOTBeTCTBeHHO pa3HOCTh p -p 
0 

IInii "P -Pd 0 • Yrnosas:r Koppens:ruiiH npoaeps:rnach Ha cneuiianhHOM npn6ope, KoTo-

phll noaeons:rn nerKo Mo.n.eniipoBaTh B npocTpaHcTBe BeKTOphl scex IIMnynhcoa. Ha-

KOHeiJ 1 llpOBeps:rnOCb COOTBeTCTBIIe Mem.n.y 3H8'IeHIIHMli I:!MnynbCOB Me.n.neHHbiX qac

TliU1 nony'IeHHbiMII B peaynbTaTe pacqeTa, n aenii'IliHBMH 1 cne.n.yrornnMH na ripo6eroe 

IInii IIX HII)KHliX :rpaHIIII •. 

npii OT6ope cnyqaeB 131, 13' I , 171 I IIa-aa 6onbWOI'O pa3H006pa3liH ycnoBHii 

II3MepeHIIH Mbr' He nOnh30BBnliCh K8KliMH-HH6y.n.b e.n.HHbiMli KpliTe.plUIMli OT60p8 1 TaK 

KBK npaBHnhHO ycTaHOBliTb HX OKaaanOCb .n.enoM B BbiCWe:i1 CTeneHH 38TPY.D.HI:!Tenb

Hb1Mo BMeCT 0 3TOI'O B KB)K.lJ.OM KOHKpeTHOM cnyqae npHMeHHnCH TUlaTenhHbiii 

liH.D.liBH.lJ.YBnhHhiii aHanna B03MOmHhiX own6oK B naMepeHHH yrnoa e li 

'IYBCTBliTenbHOCTh pacqeTHbiX 3HaqeHHii liMnynbCOB li 3Hepl'Hii 'IBCTHIJ K 3TliM ·OWH6-

K8Mo B peaynhTaTe TaKoro no.n.xo.n.a B 6onblllliHCTBe oTo6paHHbiX TpexqacTH'IHbiX 

cnyqaee HeTO'IHOCTh B 6anaHce aHeprnn He npeBbrmana ±50 Mae. C Han6onb.:. 

llle:l1 .n.ocToBepHOCThro n.n.eHTHcpnunpoeanncb Te cnyTiaH, y KOTopbiX npo6er s:r.n.ep 1-/
3 

Hnn d aaKaH'IIIBancs:r B oceemeHHo:l1 o6nacTn KaMepbr. 

K npoueccaM 131 n 13' I 6brno OTHeceHo TaKme HeCKonbKO cnyqaee na qncna 

.D.BYXnyqeBbiX 3Be3.D. 1 B KOTOpbiX BblllOnHHJOTCH KIIHeMaTH'IeCKlie ycnOBliH .lJ.BYX'IBCTli'I-

J""'t-p cny .. a"x a.a.po H3 
HOI'O I 1-paaneTa. C'IHTanocb, 'ITO B 3TliX • n n na-aa oqeHh 

Manoro HMnynbca He ocTaans:reT Bli.D.liMO:ro cne.n.a B KaMepe. nocne Bbr.n.eneHHH Tpex-

• 
qacTH'IHbiX peaKun:l1 ocTaawnecs:r Tpexnyqeebre asea.n.bi 6brnli oTHeceHbi K npoueccaM 
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141, 14'1, 16'1, 18'1. CnyttaH Heynpyroro pacceSIHIHI x+ -Me30HOB 14' I H3 'IHCJ18 

npoueCCOB C BbiJleTOM HefiTp8J1bHbiX 'IBCTHU BbiOHpaJIHCh . HB dCHOBe H3MepeHH:li HOHH-

38UHH1 npOH3BO.llHMOA ObiCTpbiMH ttaCTHUBMH. JJ.nst aHanorHttHbiX ttpoueccoa o6MeHHoro 

pacceSIHHSI 16'1 H Hepa.nHaUHOHHoro saxaaTa 18' I He y.nanoch .Ha:liTH MeTo.noa pas-

ll eneHHSI. TaKoe >Ke nono>KeHHe II MeeT MecTo npH H.neHTHqmKaUHH ooMeHHoro pac-

CeSIHHSI 15/, 161 H H~PB.llHBUHOHHOI'O 38XB8T8 /7/, /81 OTpHU8TeJ1bH~X 1r -MesoHoa. 

Bee sTH cnyttaH npe.ncTaanstroT cooo:li o.nHonytteBbie saes.nhr. 3.n ech obma npe.nnpHHSI· 

Ta JIHlllh nonbiTKa Bbi.lleJIHTh peaKuHro 181 H3 ttHcna cnyttaea c BhiJieTOM ObiCTporo 

npoToHa, HO 00 STOM pettb oy.neT H.llTH B § 5. THnH'IHbie cPOTOrpa¢ltH OT.lleJlbHbiX 

peaKUHA npHBe.neHbl Ha pHC. 3, 4, 5. 

3. PesynhT8Tbl H.ll9HTHcPHK8UHH H aoCOJliOTHbie cetteHHSI 

B paooTe obmo nonytteHo 24 000 ¢oTorpa¢Hfi B nyttKe oTpuuaTenhHbiX .5l -Me-

30HOB H 11 000 ¢oTorpa¢H:li-B nyttKe nono>KHTeJihHbiX X -MesoHoB. B pesynhTa

Te npocMOTpa ¢oTorpa¢HA acero ohmo ooHapy>KeHo 321 H 229 cnyqaea B38HMO.ne:li-

CTBH:li COOTBeTCTBeHHO :Jl- H JL+ -Me30HOB 1 H3 KOTOpbiX 222 H 152 ObiJlH cnyqasr-

MH Heynpyroro B38HMO.llefiCTBHSI. Pe3yJ1hT8Tbl HlleHTHcPHKBUHH STHX cnyqaeB npH

Be.neHbi B T80J1HIIe }. 

.[lnsr onpe.neneHHH aoconroTHoro cetteHHSI ObiJIH oToopaHbi HaH6onee KattecTBeH

Hbie cPOTOrpa¢HH 1 C 'IHCJ10M ttaCTHU Ha Ka.npe He npeBbllll8IOlliHM 20. nonuoe 'IHC-

=+ <Ti'-no CJiyttaeB B38HMO.lleficTBHH B STHX BbiOOpKBX cPOTOrpa¢Hfi Jl H Jl -Me3oH-

HOI'O nyttKa OK838J10Ch npHMepHO no 100 B KB>K.llO:li BblOOpKe. 3TH cPOTOI'PBcPHH 

nO.llBepraJIHCh .llOnOJ1HHTeJ1bHOMY TUlaTeJibHOMY npOCMOTpy, O.llHOBpeMeHHO C KOTOpbiM 

no.ncttHTbiBanocb ttHcno ttaCTHU 1 npoxo.nstmHX ttepes KaMepy. B sTo ttHcno He BKnro

ttannch 'I8CTHUbl 1 OTKJlOHSIIOillHeCH OT HanpaBJieHHSI ny'lK8 HB YI'J1bi1 OOJlhlllHe yrna 

paCXO.llliMOCTll nyqKa. He BKJ1IO'l8J1HCh TBK>Ke H Te 'l8CT.liUbi1 HOHH3BUHH KOTOpbiX 

no Bli3YBJ1hHOif OUeHKe npeBOCXO.llHJla MHHHM8J1hHYIOo npHMeCb (!1. -Me30HOB ll 

6blcTpbiX sneKTpoHoB B nyqKe 

171 
.neHHA B TOM >Ke nyqKe I 

6%. 3Ta >Ke npHMeCb B ny'I:Ke 

:JC -Me30HOB OUeHHB8J1BCh Ha OCHOBBHHH H80J110-

:X-~ 1-pacna.nOB H8 neTy H npHHHM8J18Ch paBHO:li 

:n:+~Me3oHoB Obii!a onpe.neneHa Hs Kpnaoa npooe-

roB n cocTaBnstna 10%. B pacqeTax aoconroTHoro ce'leHHH nnoTHOCTh rasa npHHn

Manacb COOTBeTCTBYIOIIIefi TeMnepaType cepe.lllHHbi qyBCTBHTeJlbHOI'O CJ10SI 1 ll s¢cpeK-

J 

l 

I 

I 
l 
t 
l 
I 

r 
l 

l 
I 
j 

I 
L~ 
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THSHaSJ· ,llJIHHa cneaa .. B KaMepe. opanaCb paBHOA 23 C M. nonHoie aoCOJIIOTHbie ceqe-

HHSJ S38HMO,lleftCTSHSJ 1C -Me3oHos npa aHeprua 330 Mas H :JC.i' -Me30HOS npH 

aaeprau 273 Mas c aapaMH renast_ oxa3aJIHCb pasHDIMH cooTseTcTBeaHo 

1150!...15/~10-27cM2 H 1220+201•·10-27cM
2 • napuHaJibHbie ceqeHHSJ pa3JIH'IHbiX npo

ueCCOS. npaseaeHbi S KOJIOHK8X 3 H 6 TaomiUoi 1. CeqeaHSJ YK838Hbl C OTHOCHTenb

HbiMH CTaTHCTH'IeCKHMH OlUHOK8MHo 

4, AaaJIH3 npoueccos aeynpyroro H ooMeaaoro. paccestHHR 

a/ Ponb npoueccos xpaTaoro pacceaaua. 

Peaxuaa 121, 12'1, 131, 13~1, 15'1 MO>KHo paccMaTpasaTb xax pe3yJibTaT 

KS83HCBOOO,llHOI'O pacceSJHHSJ Ha OT,lleJibHbiX CSH38HHbiX HYKJIOHBX, C'IHTaSJ; 'ITO OCTa

TO'IHble SJ,llpa He npHHHM810T. aenocpe,llCTSeHHOI'O yriaCTHSJ SO S38HMO,lleftcTSHH C Ha

JieTaiOI.UHMH J( -Me3oHaM:u. AHaJIH3Hpya aa3saaaore 1p~aKuau, .Mo>Kao yoeaaTbcst, 

'ITO Hl.'.fnynbcbl aaep He3 
a H3 no nopaaxy senH'IHHDI pasaor SHYTPHRaepaoiM 

HMnynbcaM ayxnoaos; ax 3aaqeaaa, s ocaosaoM, cocpeaoTo'IeHoi s oonacTH oT 0 

300 M I Y 
. . . . . . . • I 16 I , 

ao · as c. rnosore pacnpeaeneaaa aTax aaep Tax>Ke cornacyroTca .·c 

paccMaTpasaeMoA cxeMofl. KpoMe Taro, HMnynbcDI a yrnDI Me3oaos a npoToaos s 

131 H 13 11 xoppenaposaaor H onH3KH K xoppennuaa, HMeiOmefl M:ecTo npa pacceHHHH 

aa csoooaaoix ayxnoaax •. 

TaKHM oopa30M, ocooeaaocTH paCCMaTpHsaeMbiX peaxuHA SMecTe c HX. OOJib

woA sepoHTHOCThiO lcM.Taonauy 1 I unnrocTpupyroT cnpaseanasocTb. Toft- TO'IKH 3pe-

HHSJ, 'ITO S38HMO,ll eACTSHe jt -Me30HOS C R.llp8MH npH aTHX SHeprHHX HOCUT 1 S 

OCHOBHOM 1 O,llHOHYKJIOHHblft xapaKTep. 

OcTaswueca cnyqau Heynpyroro paccestHHSI 141 ~ 14~/, 161, 16'1, S KOTOpbiX 

S KOHe'IHOM COCTORHHH SbiJie'I'aeT OOJiblU9 TpeX 'l8CTHU 1 MO>KHO HHTepnpeTHpOS8Tb 

,llSORKHM oopa30M. Bo-nepBDIX, STH cny'IaH MOI'YT 'ohiT:b pe3yJihT8TOM B38HMO,lle:lt-. 

CTSHH :Jl -Me30HOB O.llHOBp9M9HHO C KOMnJieKC8MH. H.YKJIOHOB~. 3TO . npeanono>KeHHe 

'I8CTH'lHO MO>KeT ObiT:b noaKpenneao TeM tPBKTOM, 'iTO HMeeT MeCTO 38MeTH8R se

pORTHOCTb H9p8,llH8UHOHHOI'O 38XB8T8 . 1( -Me30HOS1 B KOTOpOM yqacTByiOT 1 no 

xpaflaefl M;epe, asa ayxnoaa. To oocToaTeJibcTao, 'ITO He oomo 3a:peracTpHposaHo 

HH oaaoro cny'laa peaxuaA THna I :it: • d , d I He MO>KeT cny>KHTb onposep>Ke-
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Ta6naua 1 

.. .. 

Jti' -Me30Hbl Ex = 273 Mas · j{-- M930Hbi . tTl= 330 MsB 

t.Iacno ' Ceqefrs · 2 
t.Iacno Ce<JeHaH 

2 npoueccbl npouecCbi cnyqaeB X 1<f CM cny<JaeB X10-27cM 
: 

1 2 3.;::; 4 5 . 6 

1'. 77 75±.9 1 99 47.±5 : 

2' Bcero 14/5/x/ 2 Bcero 72 . 3 
Cnea He3 Cnea He 14,±.4 4 ,34:!:.4 

He BH,ll9H He BH,lleH 

3' Bcero 51/101 50±.7 3 Bcero 
3 2717/ 13~ 3 Cnea H 1 Cnea H 

4 He BH,lleH He BH,ll'eH 
•' . ·-

4' 21/12/ 2Q±4 4 41/6/ 19.,!3 . 
5' Bcero 35/10/ 34.:!:6 .5 

Bcero 70 33..:!:4 3 Cnea He: /2/ 
He BH,ll9H 

7' Bc.ero 8/1/ 8.:!: 3 7 )" C BbineTOl\.l 
Cnea d - 6biCTpblX 20 9±.2 
He BH,lleH npOTOHOB 

6'} . 
6 

8' 
13/5/ 13±.4 ·8 - . 

Cny<JaH ssaHMO 
,ll eltCTBHH C 0 2 4 
HnH c ·, . 

H enaeHTHqmun-
poBaHHbie cny- 8 8 

' .. 
qaH 

Bcero 229 220..:!: 20 321 150t_15 
- -~---- -~-- --- -

x/ 
Uacppbi B cKo6Kax yKaabiBaroT , cKonbKo HMeeTcH B Kamaoji rpynne · cny-
qaeB, H,ll eHTHcpHKaUHH K9TOpbiX no npH'IHH9. Xy ,lllllHX -ycnOBHji HSMepeHHH 
HBnHeTCSJ M9Hee ,llOCTOBepuolt. 
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HHeM STOfi TO'IKH apeHHSI, TaK K8K BepOSITHOCTb BbineTa rpynnbi HyKnOHOB B CBSI38H

HOM cocTOHHHII MOMeT oKaaaTbCH ae6onblllofi. 

Bo-BTOphlx, aTn cnyqaH MoryT 6hlTb peaynbTaToM paaBHTHH KacKaaa B.Hape. 
. \ . 

Ha6nroaeHne HeCKOnbKIIX cnyqaeB, B KOTOpbiX aBe aapn:m:eHHbre 'la,gt:;nuhr /no-Bnpn-
o ,,, ' 

MOMY1 npOTOHbi/ paaneTaiOTCSI noa 'yrnoM 90 1 yK83biBaeT H8 T0 1 'ITO K8CKaaHbi9 

npouecchr, no KpafiHefi Mepe B qacTn cnyqaeB, nponcxoaSIT. B aeficTBHTenbHocTn, 

BepoHTH0 1 liMe lOT MeCTO o6a MeX8Hll3Ma.' JJ.ng BbiSICHeHIISI llX OTHOCIITenbHOfi ponll 

aKcnepnMeHTanbHhle peaynbTaThl cneayeT uononHIITb pac'leTaMn KacKaaa. 

npouecCbi 1 nayiUH9 no STHM aByM K8H8n8M 1 6yaeM ycnOBHO H83biB8Tb npo

ueccaMH Kp8THOI"O pacceSIHHSI. 0THOCIITenbH8SI BepOHTHOCTb Kp8THOI"O pacceSIHHSI B 

HeynpyroM pacceHHHII MOMeT 6biTb HenocpeacTBeHHO Bbi'IIICneHa no 'IIICny 

cnyqaeB, COOTBeTCTByiOIUHX peaKUIISIM /2/ 1 /2'/ 1 /3/ 1 /3 1
/ 1 /4/, /4'/. 

0,24 :!::. 0,06 

0,29 ±. 0,05. 

8 06MeHHOM pacceHHHll STy BepoHTHOCTb onpeaeniiTb Henb3SI 1 T8K K8K COOTBeT~ 

CTBYIOIUII9 peaKUIIH He 6binll naeHTIICl:JHUllpOB8Hbi. 

61 CooTHO.llleHilSI Me:m:ay npoueccaMn KBaancBo6oaHoro pacceSIHIIH. 

Mo:m:HO HaaeSITbCSI 1 'ITO peaynbT8Tbi 1 OTHOCSIIUIIeCSI K npoueccaM KB83IICB06oa

HOI"O pacceSIHHSI H8 HefiTpOHaX II npOTOH8X 1 nOMOI"yT nponiiTb CBeT Ha BOnpoc 0 

TO)KaecTB9HHOCTll CBOMCTB CB06oaHbiX II CBSI38HHbiX HyKnOHOBj npOSIBnSIIOIUHXCSI npll 

pacceHHHH. B qacTHOCTII, na-aa 6oJlblllofi paaHHUbi Bo BaanMoaeficTBHII 

HOB C HyKnOH8Mll B .. paanii'IHbiX H30TOnH'IeCKHX COCTOSIHIISIX MOMHO nonbiT8TbCSI no

ny'IHTb nyTeM cpaBHeHIISI C COOTBeTCTBYIOIUIIMll Benii'IllH8Mll anSI CB06oaHbiX HyKno

HOB CBeaeHIISI 0 'IHCTOTe ll30TOnii'IeCKHX COCTOSIHII~ B npoueccax KB83llCB06oaHOI"O 

pacceSIHIISI. 

OaHaKo npn aTOM Hy:m:Ho nMeTb B Bnay psta o6cToSITenbCTB, aaTpyaHSIIOIUIIX 

T8KOfi 8H8nll3o nepBOe H3 HHX 38KnroqaeTCSI B TOM, 'ITO KB83llCB060aHbiMll npouecca-

Mil He llC'IepnbiBaeTCSI B38llMOaefiCTBH9 Ji: -Me30HOB C stapaMH. noaTOMy anSI 
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ueneit cpaBHeHIHI obrno Obi :m.enaTenbHO BbiaennTb Bee cnyqan, KOTOpbre SIBHJlHCb 

pe3yJlbT8TOM nonapHoro B38HMO.[{eHCTBHSl C HeHTpOHBMH H _npOTOH8MH 1 cnyqan, OOR-

38HHbie KOnneKTHBHbiM B38HMO.[{eitCTBHBiM HnH HHTep<PepeHUHOHHbiM SIBneHHSlM, H 

ycTaHO'BHTb, 0,[{HH8KOBbiM Jlll oopa30M UOCJle.[{HUe OTpa:m.aiOTCSl Ha BepOSITHOCTSIX 

Baan·MoaeiicTBHSI c HeiiTpoHaMn n npoToHaMn. B aeiicTBUTenbH:ocTn caenaTb sTo Ha 

OCHOBaHHH SKCnepUMeHTanbHbiX .[{8HHbiX He npe,llCTaBnHeTCH B03MOJKHbiM. 

.£lpyraSI TPYAHOC.Tb B TOM, qTo HMeeTCH HeKOTOpaH HeonpeaeneHHOCTb B BbloO

pe SHeprHH, .[{nH KOTOpO:ii cneayeT opaTb ceqeHHH B38HMO.[{eHCTBHH CO CBOOO.[{HhlMH 

HyKnoHaMn. CpaBHeHne MO:lKHo obmo obi npoBecTH B paMKax KaKoii-Hnoyab TeopHH, 

.llOCTaToqHo xopomo onHcbiBarorueil: Becb KoMnneKc npou.eccoB B3aHMoae:iicTBHSI '}{ -

MeaoHOB c stapaMH. K co:m.aneHHIO, TaKoil:. TeopnH He cyrue6TByeT. TeM He MeHee, 

cpaBHeHUe OTHOCHTenbHbiX BepOHTHOCTe:A pacceHHHSI Ha CBOOO.[{HbiX H CBSl38HHbiX 

HyKnOHBX npH HeKOTOpbiX ynpOIUBIOIUHX npeanono:m.eHHHX npoBeCTH MOJKHO. 

ByaeM cqnTaTb, qTo nonpaBKH K COOTHOllleHHIO Me:m.ay KBa3HCBOOO.[{HbiMH 

npoueccaMH sa cqeT KpaTHoro paccestHHSI n nornorueHHH Jl -Me30HOB Manbi. 

BnnHHne ynpyroro paccestHHSI MOJKHO ncKnroquTb, B3SIB·AnH cpaBHeHHH ceqeHHH B To~ 

0 
oonacTH yrnoB, rae ynpyroe pacceHHHe npaKTnqecKH oTcyTcTByeT 1>45 I • .Llnst 

OOMeHHOrO pacceHHHSl STOrO MOJKHO He aenaTb, TaK KaK nroooe B38HMO,lleHCTBHe, 

UpHBOASIIUee K H3MeHeHHIO 38pHA8 y o( -qacTHUbi 1 HBnHeTCH HeynpyrHM npouec-

COM • 

. l..JTOObi yqecTb H3MeHeHUe OTHOCHTeJlbHO:Ii aHeprHH na-aa BHyTpHSI,llepHOrO .[{BH-

:m.eHHSl HyKnOHOB 1 ycpe,llHHM UOJlHble ceqeHHSl B38HMO.[{eiicTBHH 1{ -Me30HOB CO 

CBOOO.[{HbiMH UpOTOH8MH no <i>YHKUHH HMnynbcHoro paznp~aeneHHSl HyKnOHOB~ B SlApe. 

Ecnn <l>YHKunro pacnpeaeneHnH B3HTb B Bnae ?le- ~ 2 co aHaqeHneM 

.P0 = 150 ~aBle 1161 · H BOCUOnb30B8TbCH SKCnepH~eHTanbHOH SHepreTuqecKOit 

" 112-151 
aaBHCHMOCTbiO ceqeHnit 11fp I - BaanMoaeliCTBHSI , , To BbiqncneHHbie a<P<PeK""' 

THBHbie ceqeHl!Sl npaKTHqeCKlf He OTnnqaiOTCSl OT ceqeHl!H COOTBeTCTByiOIUliX npouec

COB Ha UOKOSliUliXCSl npOTOH8X npH TeX )K e SHeprliSIX B naoopaTOpHO:ii CliCTeMe 

KoOpAl!HaT. TaKHM oopaaoM, B paccMaTpnBaeMo:il: anepreTnqecKo:il: oonacTH MOJKHO 

He cqlfT8TbCSl C BJlHSlHUeM BHyTpHSI.[{epHOrO A BnJKeHlfSl HyKnOHOB Ha BennqHHy OTHo

CHTenbHOH aneprHH Me30HOB. 

HaKoneu, MOJKHO erue yqecTb Hannqne oTTanKnBaroruero staepHoro noTenuna-

na, KOTOpbiii noHH:m.aeT KHHeTnqecKyro sneprnro :Jr -Me30HOB B H,llpe. 3naqeHHSl 

I 

I 
1 

t 

I 

....___~-
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aeiicTBHTenbHO:i1 qacTII coenuero stneouoro rroTeuunana anst aueprHii 273 H 330 Maa 
. 117/ .. ' 

a cooTBeTcTaiin c . cocTaanstiOT 29 Maa n 34 Maa. PeaynbTBThi cpaaueunSI cooTaeT-

CTBYIOIURX C9'19HHH CYMMiipOB8Hbi B Ta6nHue 11 • .[laHHhiS 1 OTHOCSIIUII9CSI. K B38HMo-
,._,. 6 /14,151 

aeiiCTBHIO :JI. -M930HOB C ITpOTOH8Mli 1 38HMCTBOB8nHCb OT pa OT 1 ITpH'19M 

yrnoabre pacrrpea eneunSI 6panHcb anSI auaqeun:H aueprnH, 6nHaxo pacrrono)KeHHhiX 

K p8CCM8TpHB89MhiM1 H HOpMHpOB8niiCb Ha COOTB9TCTBYIOIUH9 ITOnHhi9 C9'19HHSI. -- -·· Uncpp.hr, rrpHBeaeuuhre B Ta6niiue 11, uarnRauo CBHaeTenbcTayiOT o BniiSIHIIH 

o6cy)KaaiOIUHXCH cpaxTopoB ua peaynbTaThi cpaBHeHHSI. B cooTBeTcT!nm c yxaaaHHhr

MH Bhillle coo6pa)KeHHSIMH HY)KHO cpaa~nTb auatreuuSI, BhmucaHHhie ansr I EJC -yR I 

B KOnOHK8X 6 H 11 • .[lnSI o6eHX p8CCM8TpHB89MhiX 9H9pl"HH X -Meaouoa cpeauHe 

3H8'19HHH OTHOCHTenbHbiX aepOSITHOCTe:i1 pacceHHHSI Ha CBH38HHhiX ue:HTpouax II rrpo

TOH8X OK83hiBaiOTCSI 38Hli:>K9HHhiMII. 0anaK0 1 na-aa 6onblliHX CT8TIICTH'1_9CKHX OlliH-

6oK. aocToBepuocTb aToro cpaxTa ueaenuxa. Ecnrr erue yqecTb rpy6ocTb cxeMhi 1 

rrpliiiSITOii anSI cpaBH9HHH 1 a T8K)Ke B03MO:>KHbl9 CHCT9M8TH'i9CKHe OlliH6KH ITpH Bhiae-· 

neHH'l cnyqaeB KB83liCB06oaHOI"O p8CC9HHHH 1 TO 0'19BHaH0 1 'ITO rrony'leHHbi9 peaynbTa

Thi ue aaiOT OCHOB8HHSI COMH9B8TbCH B 'IHCTOTe H30TOITH'i9CKHX COCTOSIHHH rrpH 

KB83HCB06oaHOM pacceSIHHH 'Jl' -Me30HOB. 

B xonoaxe 12 aanhl auaqeunSI xoacpcpnuneuTa · 0 , xapii~epnayiOruero cyMMap

aoe BnHSIHHe CBH3H H8 a6coniOTHOe ceqeane B38HMOaei1CTBHH CO CBSI38HHhiMH HyKno

H8Mlio On pa:Beu OTHolllenniO rronl!oro ceqeunSI ueyrrpyroro aaanMoae:i1cTBIISI X 
4 

Meaouoa c SinpaMII He K cyMMe ceqeau:H aaanMoae:HcTBHH co cao6oanhiMH ·uyxno-

naMn. 

a/ YrnoBhie pacrrpeaeneanSI. 

Yrnoab~ pacrrpeaeneunSI ueyrrpyroro pacceSIHHH B na6opaTopuo:H cucTeMe xoop

aiiHaT rrpnaeaeHbi ua pnc. 6 n 7. CIOaa BKniO'IeHhi KJJ.K cnyqan xaaancao6oauoro, 

TaK n xpaTuoro pacceHunii:. Ha 9THX )Ke pncyuxax rryuKTHpHhiMH nHHHSIMU uaueceHbi 

yaaoeHnhre cyMMhi ancpcpepeuunanbHhiX ceqeunii: p·accestHHH :Jr -Meaouoa ua cao-
/14 1 I 

6oauhiX ue:i1Tpouax u rrpoToaax ' anSI aueprnft Ex -V R • OTuocnTenbHhiii 

xoa anq)cpepeHurranbHhiX cetreurrft pacceRHHSI ua cao6oaHhiX uyxnoHax oqeub uarroMH

aaeT. yrnoayiO aaBIICIIMOCTb Heyrrpyroro pacceRHHSI 'Jl -Meaouoa ua He
4 • HcKniO-

qeuHe cocTaBnHeT o6nacTb Ma·nhiX yrnoa I. a < 40° I, rae rroaaaneane ueyrrpyroro 

p8CC9SIHHSI OK83biB89TC5I 38M9THO 6onblliHMo 3To 5IBneHHe MO:>K9T 6biTb ITOHSIT0 1 

ecnn yqecTb 1 'ITO ueyrrpyroe pacceHuue ua S!:apax. aarrperueuo npn cpaaunTenbHO 



3Hepr.t.ui Pacce.HHHe Ha CBOC.iOJtHhiX IIPOTOHaX Kna3Hcno6o.n;Hoe pacceHHHe 

ll-Me3o- flpOI.\8C- ilOJIHhle (8/ 45°) 0THOill8HH8 C848HHll llpo- IlOJIHble ( e > 45°) 0THOill8HVte C848HHll 
HOB Man Chi C848HH.H Io-26~.f ilOJIHbiX 6>45° l\8C- cetreHH.H Io-27cM2 liOJIHhiX 9>45° 0 

Io-2ZM2 Chi Io-26A1 
I 2 3 4 5 6 7 8 9 IO II 12 

330 rxp-TL+P 56 25.I 6I =5 I 3,9 (2) 34.z4 25..t4 
G'z , .. - <J o, 63+0, 06 

6JI ' 
C5 =2·, 6.;tO, ., 

II J(iJ _,..J(p II 6.4 GI =3, 7 (3) I3+3 6.;t2 3 ~~2+1,3 --
J1 ~x--p-x·n 15 G:- (5) )[ - -

I 96 1~9' 0 Gr 6,0 (3') 50.:t7 39~6 Gj• - I 0,53+0,06 273 crrr =7' 4 -=3,6+1, 
0'.2' - 4,9.;t2,0 -II I3 8,2 !2"i.-lt 0 (2') 14.;t4 8+3 ~·=1,5..t0,3 6'J- ' 
Gs' 

ill 24 (5') 34.;t6 -
-0) 

-
296 I 76 ' 3L~, 8 t=6,3 5 I. TO ]C8 0,47+0, 05 n 12 6,8 .2'£=3 6 ' 6l!I' ' 

~ ill 21 
I. 
l"' 6I LU' 244 I II8 68,2 ~ =7,4 6,6 0,44+0,05 TO J!Ce 

n I6 .I0,.4 EL-3 9 Gm- ' 
ill 30 

, .... 
I J 
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He601lhlUOA rrep eaatre 9HeprHH CBSI38HHbiM HYK1lOHBM1 'ITO K8K paa HMeeT MeCTO npii 

pa cceSIHHII a a MaJihi e yrnhi. 

BaTCOH " UeMax
1181 

n caenanH ITOITbiTKy TeopeTIItreCKH yqecTh BniiSIHIIe KOrepeHT'""" 

HbiX npoueccoB aa aeynpyroe pacceSIHHe 1[ -Me30HOB Ha Siapax. ¢aKTIItreCKII 

OHII rrpH61lH:>KeHHO YIJ1lii H3'MeHeHHe KHHeMaTRtreCKIIX cP8KTOpOB 1 o6ycnOBneHHOe TeM, 

'ITO Me30Hhl pacceHBaroTCSI B cpeae, rae ITOTeHUHan OTniiqaeTCSI OT HynSI H II3Me

HSieTCSI c aaepriieii: JC-MeaoaoB, DII¢¢epeauiia1lhHbie cetreHIISI pacceHHIISI aa cBo-

6oaHhiX (~~)f H CBSI38HHbiX(~~)&HyKnOH8X IIM yaan~Ch CBSI38Th npOCTbiM COOTHO-

lUeHHeM: 

f.dG) F (-. dG\ 
\<iG g =Ff dQJf . 112/ 

¢aKTOp SIBnSieTCSI cpyHKUHeii: YI'JI8 e , a T8K:>Ke 38BIICHT OT H8'!8nhHOii: 9Hep-

rHII Jt' -MeaoaoB H BenHtriiHbi onTHtrecKoro noTeHUII ana. B cooTBeTcTBIIII c paccMaT .. 

pHBaeMOfi TeOpiieii: yr1lOB8SI 38BIICHMOCTh 9TOr'O cP8KTOpa .llnH 9Hepriiii: Me30HOB 273 

II 330 MaB noKaaaaa Ha piic. 8. Ha ocaoBaHIIII 9Toii: aaBHCHMOCTII 6bi1lii BbrtrHcneahr 

4 
yrnoBbre pacnpea eneHIISI- aeynpyroro pacceSIHHSI :rc -MeaoaoB aa SI.llpax He • Pac-

treTbi 6binH Bhmonaeahr anSI aByx BapHaHTOB. B nepBOM BapHaaTe (-~~ )f 6bmii 

B3SITbi anSI 9HeprHH 'Jr -Me30HOB B na6opaTopaoii: CHCTeMe. Bo BTOpOM B8pH8HTe 

ytriiThlBanoch H3MeaeaHe aaepriiH ~ -MeaoaoB B SI.llpe Ha BeniitriiHY VR . 

Ha piic. 6 H 7 BIIaao, trTo peaynhTaTbi pactreToB xopoiUo cornacyroTcH c aKcne-

piiMeHTanhHhiMH TotrKaMH, a oco6eHaocTII anSI nepsoro BapHaHTa. BonhiUOe pac

xo:>Kaeaiie Ha6nroaaeTCSI TOnbKo B o6nacTII MaJihix yrnoB. Ho 9Toro II cneaoaano 

O:>KHaaTh, TaK K8K B patqeTax BaTCOHa-UeMaxa He YIJIITbiBaeTCSI aanpeT naynH. 

TaKoA ycnex 9TIIX pactreToB Ka:>KeTCSI RecKonhKO cTpaHHbiM, TaK KaK, Bo-nepBbiX, 

TeopiiSI coaep:>KHT 6onbiUoe triicno rpy6hrx rrpii6nH>Keaiiii:, H 8o-sTophrx, B aeii: He 

Ha1Ue1l OTpa:>KeHHSI psra cP8KTOpOB 1 HeCOMHeHHO BnHSIIDlllHX Ha BeniiiJHHY cetreHIIii He

ynpyroro pacceSIHIISI, B tracTHOCTH 1 ae ytriiTbiBaeTcSI 9Kpaaiipyromee aeiicTBIIe Hyrmo-

HOB, 

r/ Q KOppenSIUHH B paaneTe HyKnOHOB H OCTaTOIJHhlX Haep. 

Ha pHc. 9 ·npeacTaBneao pacnpeaeneaHe trHcna cnytraeB KBaaiiyrrpyroro pacceSI-

HH.Il :Jl±-Me30HOB H8 npOTOH8X B .38BHCIIMOCTH OT yrna Me:>Kay rrpoeKUHHMH IlM-

H3 ~ rry1lhCOB npOTOHa H H8 83HMYT81lbHYID nnOCKOCTh. aTO pacnpeaeneHIIe yK83hlBa-

--,...-~~·-----

Otl'Le.r:;:m~~mr>Iit Ki!UMT)" 

BJ!e;t<O'>!;, ::rcr.c.nouaunii. l 
___ 6_.,_ti_6Jil:loTEKA ,J, 
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3 
eT aa Teaaeaunro paaneT;B npoToaa n H B npoTnaonono:>KHbiX aanpaaneanstx I 19 

·c.nyqaeB paaneTa B O.llHOM aanpaaneann n 49 - B npoTnaonono}t{HbiX aanpaaneanstx/. 

803MO:>KHaSJ HHTepnpeTaUHSJ STOrO SJBneHHSJ MO:>KeT 3aKniO'IaTbCSJ B TOM, 'ITO npn pac-

ceSJHHH Me30HOB npOSIBnSJeTCSJ BOS6y:>K,lleHHbi~ ypoBeHb of. -qacTHUbi, Ha cymecTBo-
. /19/ . 

BaHHe KOToporo yKaSbiBaeT uenbi~ pSI.ll SKCnepHM9HTOB • EcnH BCTaTh Ha TaKyiO 

TO'IKY speanSJ n Bbi'IHCnHTb aennqnay aaeprnn aos6y:>KaeanSJ Q , To ee cpeaaee 

saa'Ieane oxasbtBaeTcSJ paBHbiM -20 M sa /pnc. 10/, T.e. xax pas cooTBeTcTByeT 

o:>KnaaeMOMY ypoBHIO. Own6xn B onpeaeneann aecbMa a~nnxn, H noaToMy 6onbmoro 

aHa'IeHHSJ STOMY peSylibTaTy npH,llaBaTb He cneayeT, TaK KaK COBna,!:{eii.He MO:>KeT 

oxasaTbCSJ qncTo cnyqa~HbiM. KpoMe Toro aa6nroaaromyrocSJ xoppenstunro Ka'IecTBCHHO 

MO:>KHO noasr'rb H a paMKax MOaenu ro.rib,~6eprepa. B caMOM nene, a MOMeHT coy

aapeanSJ :J( -)VIe30Ha C npOTOHOM nocne,llHIIii II MeeT IIMnynbC 1 paBHbi~. H npOTHBO

nonO:>KHO aanpaaneHHbtit :HMnynhcy Hapa Hs. Tax ·· xax nMnynbc, nepeaaaaeMbi~ 

MeSOHOM npOTOHY B peaynbTaTe pacceSJHHSJ, O.llHOrO nopH,llKa C BHyTptiH,llepHbiMH 

HMnynbCaMII HYKJ10HOB 1 TO H8'I8nbHOe HanpaBneHIIe .llBH:>KeHIISJ npOTOHa B KaKoif-TO 

Mepe aon:>Kao oxpaHSITbCH. 

5. HepaanauuoHHbiH saxBaT 

· Kax y:>Ke oTMe'{anocb B § 4, ns acex cny'Iaea aepaaHauuoaaoro aaxaaTa 

~+-MeSOHOB aenocpe,llCTBeHHO yaanocb II.lleHTII¢IIUHpOB8Tb TOnbKO cny'Ia.H sax-

BaT a Jt+ -Me30HOB C BbineTOM B KOHe'IHOM COCTOSJHHH .llBYX npOTOHOB H aeitTpo-

aa /8' I. Bo acex aTnx cny'IaSIX aeitTpOHbi MeaneHHbte. Hx IIMnynbCbi lie npeBbtwa

IOT 200 Maa/c. npoTOHbi :>Ke o6aapy:>KIIB8IOT yrnc5ByiO H HMnynbCHYIO xoppenHuHn, 

COOTBeTCTBYIOlll.He cny'IaSJM :nornomeHUSJ Jt -MeSOHOB CB060.llHbiMH ,lleHTpOHaMn •. 

/puc. 10/. TaxnM o6pasoM, peaxuHIO /8' I MO:>KHO uaTepnpeTIIpoBaTb xax saxaaT 

:il -Mesoaa aefiTpoaaoit napoii • .Unst aepoHTHOCTn apyrnx. BOSMO:>KHbiX cnyqaeB sax;_ 

BaT a ~+-Mesoaoa axcnepnMeHTanbHO nonyqaeTcH TOnbKO aepXHSJH rpaaHua. Ee 

oueaxa MO:>K eT 6biTb ca enaaa, ecnn ace cny'Ian /6' I n /8' I I eM. · Ta6n. 1 I npnHSITb 

. aa nornome1:1ne. Oaaaxo cpean nocneaanx cnyqaea aon:>KHbi 6btTb TaK:>Ke cny'Ian 

xpaTaoro o6Meaaoro pacceSJHHSJ. Hx · aonzo ·.MO:>KHO yqecTb, ecnn npeanono:>KHTb, 

'ITO aepoSITHOCTb npoueccoa xpaTaoro pacceSJHHSJ xax c nepeaapSI.llKO~, Tax n 6ea 

nepeaapSI.llKR oanaaxoaa. 8To npeanono:>Keane qacTH'IHO onpaB.llbiBaeTcSJ rpy6biMH 

I 
I 
! 
r 

I 

\! 

ll 

I 
I 

pac'IeTaMH BepOSITHOCTH KaCKa,lla B 060HX cny'IaSJX 1 KOTOpbie yKa3biBaiOT Ha npn6nn- Y 
I. 
; 

l r 
L-. 
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a HTeJibHoe paBeHCTBo aTnx aepoHTHOcTeii.- OueHKa •men a cnyqaea KpaTHOro oo M9HHo

ro p8CC9HHHSI 1 llOJiyqeHH8H B aTOM Up9.llll0JIO)K 9HiiH 1 COOTB9TCTByeT 14, . B TO BpeMH 

. KaK CJI)'"'aea 16' I H. 18' I acero HaoniO.nanocb 13. 8ToT peayJibTaT Mo:m:eT HCTOJIKo

BbiBBT.hc;H /paayMeeTCH 1 C .llOCTOB9pHOCTbl01 onpeLJ.eJIH9MOii H900Jlbll!Oii CT8THCTHqe-

CKOii TO"'HOCTbiOI K8K CBH.ll9T9JibCTBO M8JIOii BepOHTHOCTH ,llJIH .npyrnx npoueccoa 

nornomeHHH :Jr: -M930HOB 1 B TOM "'HCJie H- .llJIH 38XB8T8 X-Me3oHoB napoii 

O.llHOHM9HHbiX HYKJIOHOB. 

npoueccbr nornomeHHH Jt--M930HOB napaMH O.llHOHM9HHbiX HyKJIOHOB Mbl 

nbiTaJIHCb H.ll9HTHq>HUHpOB8Tb Henocpe.nCTB9HHO no KOppeJIHUHH M9:m:Lty yrJIOM 8 

BbiJieTa obiCTporo npoToHa H npoH3BO.llHMoii HM HOHHaauneii. O.nHaKo Ha.ne:>i<Hoe 

paa.neneHHe cnyqaea nornoweHHSJ napoii o.nHOHMeHHbiX HYKJIOHOB H .npyrnx npouec

coa, npnao.n~wnx K BbiJieTy ObiCTpbiX npoToHOB, na~aa oOJibll!Oii norpell!HOCTH B H3Me

peHHH HOHH38IlHH 1 a TaK:m:e H3-38 H90.llH03H8"1HOCTH CBSI3H HOHH38UHH C yrJIOM 

no npH"'HHe a.HyTpHH.llepHoro .n·an:m:eHHH, npoaecTH He y.nanocb. PeaynhTBTbi H3Me-

peHHii npHB9.ll9Hbi H8 pHC. 11. llJIH .n:--Me3oHoB TaK :m:e, KaK aTo obiJIO c.nenaHo 

.nnSI x+-MeaoHoB, ohrna npoHaBe.neHa KocaeHHaH oueHKa qn:cna cnyqaea nornowe-

HHSI napoii O.llHH8KOBbiX HYKJIOHOB. npH aTOM TaK:m:e npe.nnonaraJIOCb 1 "'TO OTHOCH

T9JibHbi9 aepoHTHOCTH aaxBaTa .neiiTpOHH<?ii napoii npn aueprHHX · 273 Mas H 

330 MaB paBHbi. npn HaopaHHOii CT8THCTHK9 .llJISI 330 Mas aTo COOTB9TCTByeT 

12 cnyqaSJ:M aaxaaTa I np 1-napoii, oueHKa .llJIH "'HCna cnyqaea nornowemrH 1pp /

napoii paaua 6. 

npoB9.ll9HHbiii 8H8JIH3 9KCnepHM9HT8JibHbiX- pe3yJibT8TOB no 38XB8TY 

HOB B reJIHH .ll89T YK838HHH Ha T0 1 "'TO, no-BH.llHMOMy, 38XB8T 
. . -

npoHCXO.llHT ' rnaBHbtM o6pa30M, napaMir HYKJIOHOB, npH"19M nornoweHne .neiiTpOH-

HOii napoii HBJISJ9TCH OCHOBHbiM npOU9CCOMo 3TOT BbiBO.ll H8XO.llHTCH B COrJiaCHH 

C pe3yJibT8T8MH HCCJI9.llOB8HHSI norJIOul9HHSJ 1l-Me30HOB OOJiee CJIO)KHbiMH Sl,llpa-

.- 14-71 
MH! yrnepO.llOM 1 XJIOpOM H cpTopOM • 

6. Pe.nKHe coobiTHSJ 

Bbrno aaperHcTpHpoaaHo· 5 cnyqaea aaanMo.neiicTBHH JC -Mea'oHoB c renn:eM
1 

KOTOpbi9 H9Jlb3SJ OTH9CTH HH K O.llHOMy H3 p8CCMOTp9HHbiX Bbllll9 npOU9CCOB. llJIH 

BC9X aTHX CJiyqaeB X8p8KT9pHbiM HBJIH9TCSI TO, "'TO Cp9.llH BTOpH"'HbiX npO.llYKTOB 

HMeeTcsr 6oJibll!e O.llHOii obiCTpoii qacTHilbi, npon:aao.nHmeii onHaKyiO K MHHHMBJibHOii 
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:uoa:uaaunro. Kax yme oTMe'l:anoci. Bblllle, B npoueccax pac~ce'smnsr Jr -MeaoaoB 

c aaeprneii 300 Maa ae MomeT obiTb npoTOHOB c noH:uaau:ueti MeH.ollle D.ByxpaTHoA. 

OoaTOMy H83B8HHble COObiTHSI MOI"YT HHTepnpeTHpOB8TbCSI K8K CJiyqa:u oopaaoBaHHSI 

'I8CTHU OOJiee nerKHXio '!eM HYKJIOHbi • .LlonOJIHHTeJibHbiM apryMeHTOM B IIOJib3Y T8KOI"O 

yTaepmD.eH:usr cnymHT TaKme oTcyTcTBHe yrnoaoii Koppensru:u:u MemD.y ObiCTpbiMH 

qaCTHII 8MH 1 KOTOpaSI MOI"Jla HMeTb MeCTO np:u KB83HCBOOOD.HOM pacceSIHHH ')( -MeSo

HOB. CaoD.Hbie D.BHHbie o Ha6JIIOD.8Blll:UXCH cnyqasrx npnBeD.eHbi a Taonnue 1I1 • 

.... 
T.a 6 n II u a 111 

N!! 
81 nn 82 d. 83 84 EJS 

I 
Y.J OHH38UHH 

BepoHTHaSI 
HHTepnpeTaUHSI 

1~'J~JmLn 
JC+He4--Jr0+n+H3 

1 30,0 11,5 31,3 142,1 - - "'-2e+r 330 i 2 

MaB 2 162,8 19,8 146,7 116,6 - - j?>:J-::::Jmln ·:rC+HeLt--'1 2 

3 63,5 130,5 150,0 17.4 - - 1 ::: '1 ::::-] m Ln -JC-+JL+(P,3n) 1 2 

11,3 ~~:T£1mln 
~ 4 3 

4 139,7 123,6 17,5 20,0 - :K +l-le--JC 0
+p+He 

273 '2e+'Q 
Msa 

Jl++He~i++JC.0+P+H 3 5 32,5 66,0 34,1 125,2 5,0 180 ]?:: J.~1z Jmin 
I '2 3 

"2e+a 3'i~(2-3)JmLn 

B cuny orpaHH'IeHHOii HH¢opMaUHH OD.HOaHa'IHYIO nD.eHTH¢nxaunro STHX cnyqaea -IIpOBeCTH He y D,8eTCH 1 H · IIOSTOMY B. IIOCJieD,HeH KOJIOHKe T801I:UUbl 111 D.8Ha JIHlllb 

HX BepOSITHaSI HHTepnpeTaii:USio KpoMe aaKOHOB coxpaHeHHH npH HHTepnpeTaU:UH yqn

TbiBaJIHCb Taxme cooopameHHSI o aepoSITHbiX yrn~x (oC.) Me~D.Y anexTpoHaMH a 
0 

npoueccax :n: -2e+r 

ABTOpbl 6naroD.apHbl npo¢. BaH raH-'l:aHy, n.Y.I.nan:UD.ycy H C.C.<PHJI:UIIIIOBy 

aa noneaHbie oocymD.eHHH :u pSID. ueHHbiX aaMe'l:aHHii. 

I 

\ 

I 
! 
i 

l 
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Pnc. 1. CxeMa onbiTa c oTpnuaTenbHbiMII 
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Puc. 3. ¢oTorpacpiHJ cnyqag KB83HCBOOOLlHOro pacceSIHUSI x+ -MeaoHa Ha npOTOHe, 
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Pnc. 5. <PoTorpaq:mH cny'IaH aaxaaTa · :rr:+-M830Ha I np 1-napoii. 
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Puc, 6. Yrnoaoe pacnpeaeneane aeynpyroro pacceHHHH 
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PH c. 7. YrnoBoe pacnpe.ueneHHe Heynpyroro paccestHHSI :K- -Me3oHoB 
'I 

Ha He npH fx= 330 MaB. 
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• y d· Y:rnoBasr H HMnynhcHasr KoppensruHsr B peaKun:H :K +He. --p +p.,. . 
KpHBbie COOTBeTCTBYIOT KOppensrun:H rrpH no:rnor.ueun:n: CB06o,nuoii 
napoii HYKJIOHOB, To<JKaMn noKaaaubi 3Ha'Ieu~rsr y:rnoB 8
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Pnc, 12. Koppemiunn Me.>K.ay yrnoM BhrneTa u HoHnaauneil 6hrcTphrx npoToHoa 
a o.aHonytreBhrx aa·ea.aax, o6paaoaaHHhrx Jl.._MeaoHaMu. Kpnaast , 
nonytreHa na KHHeMaTntrecxnx pactreToa npu ycnoaun, trTo nornorueHrre 
npOlrCXO.£llrT CB060.£lHOH napoil HYKnOHO~. 

1 

J 
I 
l 
I 
l 

I 
I 

......... 



- 35 -

Pnc. 13. ct>oTorpacpnst BepostTHoro cnyqag o6pasoBaHnst 
lll:IIM 81"0 pacna.n;OM H8 e H r -KB8HT. 


