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OHUAH XAPAKTEPHCTilliA PABOTH • 

ARTYfl:Jll,HOCTJ, npo6Jiew. lfayqetme MHOllt8CTB8HHOro poll\D;erum 
'laCTHU B rJIY60itOHeynpyl"HX coy,i:capemmx 8,1U)OHOB BHCOKHX aneprml 
C Jmpa.Mn npno6peJIO B noCJie,ItHee ,It8CJITRJI8Tll8 oco6yio aRTYaJII,HOCTI, 
Rait o,ttnH 11s ocHOBHHX HCTO'lHRKOB nmIJOpwuum o cBoilcrnax a,Iij)OHHott 
MaTepllR. ]J,Jm aTRX nccJieJJ:oBa.IJllii paspa6oTruru Ir,IJ;en 11 MeTo,ItH,nosBO
Jil'IIOlllle HSBJI8ItaTI, ll3 HllX llHqJO~ qiyH.ItaMeHTaJII,Horo xapaitTepa 
{Hanpm.rep, M8.CmTa6HM mmapnaHTHOCTI,; ROppeJilllUIOIIBHH aHaJill3, 
CBOHCTBa OJJ:HO'ffiCTH'IHWC pacnpe,IteJieHID111 T.n.). 

MacmTa6HM mmapllaHTHOCTI> - O,ItHH 113 BruKHemnnx 38ROHOB, onpe
JJ:eJllmlltwC .ItRH8MlIRY B38llMOJJ:8HCTBIDI. 3qxlJeKT MaCillT86HOH :mrnapUaHT
HOCTll RpKO npoJIBJUrCTCJI B npoueccax KyMYJI.ffTllBHOro poll\I(eHUR lffiC
THU,I{yMyJIRTHBHim aqxlJeKT fi'!OltHO paccMB.TPHB8TI> Kalt MHOroKBapROBUe 
B3auMO.zteiicTBHR, B~e 6oJII>mue paccTomnur no cpamrnmno c 
pa3MepaMn HYKJIOHa. Ilo3TOMY :asyqeHHe K"ftlYJI.ffTllBHOro aqxlJeKTa MOlKeT 
BH8CTH JICHOCTI, B Bonpoc O B3an?/!O,IteftcTBUU KBaPKOB Ha 60JII,lllIDC pac
CTO~, 'ITO 011eru, Brul:HO JJ;JIR llOHHMaHUR npo6JieMll "RBapKOBOro 
nJieHa". B TO xe BP8MR lty?.IYJI.ffTHBHOe poll\I(eHHe 'laCTHU SIBJIJI8TCJI 
tiaCTHill/! CJIY'I88M nponecca MHOllteCTBeHHofi reHepanllll 8,I(IJOIIOB.Ifo
CJI8,It0Ba!Ille ItYMYJIRTllBHOro aqxlJeitTa UMeCT BalltHOe 3Ha1leHHe ll ,ItJIR 

TIOHllM8.HIUI MCxamI3M8. MHOllt8CTB8HHOro poli';IteHllR tffiCTHU npu coy,n;ape
HllR 8,I(IJOHOB BHCOKliX 3Heprrui C B;ltpa.Mn, 

0CHOBHUC saROHOMepHOCTll npoueccOB RYMJJIJITllBHOro o6pa3oBa
HIDI 11acTnu 6wrn noJiyqeHH B pesyJII>TaTe 11syqeHIDI 6oJII>moro RJiacca 
R,ItepHHX pea~ C BWI8TOM BTOplf'IHHX 'laCTllU B 3~ID TIOJIYcqJepy 
(Sil) ."Ia.60paTOpHOR CHCT8Mll KOOp~T {~.c.It). oTO He CJIY'la.RHO, 
Ta.It ~It KyMYJIRTHBHutt 3/ppeRT Hfill6oJiee JIPRO 'npoJ!BlUieTCJI B o6JiaCTU 
npeJJ;eJII>HOfi qipal'MeHTau;Im R,Itep. IloaTOMY HCCJie,ItOBalme 8,I(!)OH-B;Itep-
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HUX B3am,m.n;eiicTJ3llli C lICIIyCRaIDl:eM 'l!aCTm:( B 3!l JIB.IDieTCJ'I a.KTyam,- • 

HOii npo6JieMoil qin:smar BHCOKHX 8Heprm1. 
UeJII, pa60TH . - HCCJie.n;OBaTI, CBOHCTBa rr12c-Bsam,m.n;eiicTmrli C 

llCIIyCRaHHeM a.n;p<)HOB B 3!1, B TOM 'IJll:CJie H RyMy~IIBHHX a.n;p0HOB H 
npoBeCTH 8.HBJIOI'HD CO CBOi1CTBaM'II BCeX Heynpyrnx Jr12c~ Jrp- , 
B3am.m.n;eiiCTBrui, a TaIOlte BWIBHTI, H HCCJie,ll;OBaTI, npn 8°TOM TaKyJD 
cneIJ;Hqin:irecKyJD oco6eHHocTI, a.n;poH-mi:epHHX B3aHMo.n;eilcTBirl1, RaK 

JIBJiemi:e nomtoro pasBaJia mi:pa. MHll!eHJI. 
HoBnsHa pa60TJ1. B pa.6oTe BnepBHe: 

I. Ilo.nyqeHH: 
I) CBOHCTBa rr.12c - B3~m.n;eiicTBirl1, 

- C a.ztpoHa.MII ,llCIIyll{eHIWMR B 3!1; 
- C RyMy~lIBIWMK a.n;p0Ha.MlI, . _:, : 

· - c nOJIHHM pa.3BMOM mi:pa. yrJiepo.n;a npn P :ii·;_ = 40 raB/c; 

2)&!It7Ill3miHHe cneKTpasa.proJtemmx 
0

'l!aCTm:t,06pa.so~ Bo 
Bcex rr C - B3aHMO.n;eiicTmrsrx: ll!)ll: ~- = 40 ThB/c; . 

8) napu;HaJII,HHe ItOS~eHTH HeynpyroCTli Il+,rr,rr°~MeSOHOB. 

II. HccJie.n;oBaHll: 
. ~ . . . 

I) CBOiiCTBa Ire- B3al!MO.n;eiiCTBltit C n± ~ Me30Ha.Mli H npoTOHa-
MH, HCIIyll{eHHHMR B Sa.n;HIOJO noJIYcqiepy, a Ta.Kllte cBoilcTBa TaKHX_ 'l!ac-
Tm:t; . 

2) CBOii:CTBa RyMyJIHTHBHllX Jr12c - COy;i:tapemtii, aTamte CBOil-
CT~ RyMy~lIBHHX rr± - MesoHoB n npoToHoB; · · 

3) CBOHCTBa Jr12c - B3aHMO,ll;eilcTBltit C noJIHHM pa.SBaJIOMmi:pa. 
yrJiepo.n:a.B ycJiomrsrx:, Kor.n;a nsMepeHH aijepI'lll! Bcex BTop:ir<mmc sa
proJteHHHX '18.CTm:(, npli'l!eM C . HCilOJII,30BaHHeM ,ll;OilOJIIDITeJII,HOI'O, .! He . 
npHMeHlIB!IlerocH pa.Hee !tpHTePHJI OT6opa. C06HTHH, n03BOJIHBimIM 3Ha
'lll:TeJII,HO pacnmpHTI, KJiaCC HCCJie.n;yeMHX C06HTID!. 

III. CpaBHeHH: 
-12 

I) coo:lfoTBa IT C-BSalIMO.n;eficTBRH C .nOJIHHM paSBMOM mi:pa. yr-
Jiepo.n;a C a.HaJIO!'Klllimm: ,!(JilI Bcex·rrI2c - COy;z:tapeHm!; . 

2) CBOilCTBa Jr~C - B3alIMO,ll;eflcTBJrl1 C n± - MeSOHa.MlI, HCIIy
l!leHHllMH B 8IJ ,c ruraJIOI'H'IlWMH .n;J1J1 Irp - coy;z:tapemni c n± -Mesona.;. 
MH B 3!1, a TaRXe CO CBOilCTBaMH BCeX Jrp-:n Jr~C - B3aHMO,ll;eficT
BRH; 
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8) CBOilCTBa rrI2c - B3aHMO,ll;eilcTBlill c npoTOHOM,llCllYl!leHIWM: B 
3l1, C aHaJIOI'H'IlrnMH ,!(JilI Bcex Ir12c - COy;z:tapeIDiii; . 

4) CBOilCTBa RyMyJIHTllBHHX Jr~C - COy;z:tapemi:ii C airaJIOI'H"nIH!.fil 
.n;.rur Bcex u-12c-co6llTrui, B TOM traCJie H ,!(JilI u-12c - B3al!MO.n;eiicT-
Bllll C BllJieTOM a.ztpoHOB B 3!1; • 

5) CBOilCTBa rr± - Me30HOB, llCIIyll{eHHHX B 3II B u-12c - coy;z:tape
HWDC, C airaJIOI'WIIruMll ,!(JilI n± - Me30HOB, lICllYl!l8HHllX B 3II B U-p -
coy;z:tapemmx. 

HaY'ffiM neHHOCTI>. Ilo~eH H npoaHaJIH3HPOBa.H 60JII,llJOH 8RcnePH
MeHTaJII,Hmi MB.Tepna.JI no rrI C - B3aHMO.n;eficTBIDIM npn I}--=40 raB/c 
c · .n;ByxMeTpoBoii nponaHoBofl IIySHIJI,ItOBoii KaMepu JlB8 OIIBH (.JJ.TIIK-500l1{ 
06.nyqeHHOil ny,!KOM Jr - J.leSOHOB CepnyxOBCKOI'O YCKOpllTeJUI. 

.Jlamme O CBOHCTBaX Jr12c - COy;z:tapemtii HMOIDT Brui!l!Oe 3Ha'l!e-· 
mi:e ,!(JilI no.nyqemm HHqi<l,PMaIOIII O npocTpa.HCTBeHHO-BpeMeHHOM pa.3BH
THH npoueccoB MHOXeCTBeHHoro poli\I(eHHH 'l!aCTm:(, 0 B38lIMO.n;eilcTBlIH 
pesoHaHCOB C HYKJIOHaMH, 0 ~pal'MeHTaumI mi:ep H T • .n; • 

Ta.KM HHqi<lpMa.IJ;ID{ Heo6xo.n;HMa ;u.,ri nocTpoemm TeopHH B3amv!O-. . . 
.n;eficTBHH 'l!aCTHil BHCOKHX 8Heprnii C Bel!leCTBOM. 

Hsyqemi:e rr12c - Bsrumo.n;eiicTBnii, conpono~aIIJllHXCH ncnycRa
HHeM a.ztpoHOB B 3II,8TO npe~e BceroaHa.JIHs JIBJieHHii, (?BH3aIIHllX C 
~parMeHTau;Hefi mi:pa. MHllJeHll, H noaTOMY ll3 IDtX MOXHO nOJIY'lll:TI, cy
mecTBeHHYJO HHqi<l!)l.ffi.UllID O CBOllCTBaX mi:epHOH Ma.TepmI. 3TH ,ll;aHHlle 
Heo6xo.n;m,ru .n;.rur llOHHMaHH.f:I MeXa.HHSMa Ky}wlYJifITlIBHOro po~emm a.ztpo
HOB BO B3aHMO.n;eficTBR/IX 'l!aCTm:( BllCORHX :rneprmi C mi:pa.MH. 

IIpaRTH'l!eCRM neHHOCTI,. IlOJIY'IeHHlle B HaCTOJ'Illleil;cuccepTaD;Hll 
pes;y:JihT8.Tll MOryT 6UTI, 1rcnOJII,30BaHll npll UJia.HRpoBamm HOBllX 8Rcne
p:m.mHTOB no HCCJI8,ll;OBa.ID!IO B3a.ID/!O.n;eiicTBrui 'l!aCTm:( H mi:ep BllCOroIX 
8Heprmf C 8.TOMHL!MH H,ll;paMH, 

IIy6JIHRa.UilR. B OCHOBY .nnccepTau;HH JierJIH pesyJihTa.TU lll8CTR 
pa.6oT, ony6JIHROBa.HHUX n BIUJ;e rrperrpmrTOB OIIBH R CTaTeli B XJI)~aJie 
".llltepHaH qin:smta"/I-G/. . 

Anpo6amm. OCHOBHUe pesym,Ta.TH, BOll!e,ll;llIHe B .nnccepTa.UHID , 
.n;oKJia,I{llBaJIHCI, Ha ceinmapax Hay'l!Ho-:,mcnepm,ieuTaJII,l!Oro Krui1epuoro 
OT,ll;8Jia JlB8 Omill, Ha CeMlffiapax JlB8 Omill, Ha MeJE,ItyHapo.n;HUX COBe
l!laHIDIX CTpa.H-Y'lJ:8.CTHHU OWJJI no o6pa60TRe CI!l'IMIWD C .ItBYXMeTpOBOli 
rrpommonoii nysHpI,KOBOil Ka.MepH JlB8 OlUil{, ua Me~apo.n;Hofi ROHqJe
pemi;mr no qm:s:ime Buc01rnx aHepnm B T6mmcH (I976 r. ). 
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06o;,eM pa6oTH. JtuccepTa.nwi: coc'ronT H3 BBe.n;emm,WITH rJia.B n 
3aKJIIO"Iemm n co,n;epimT 77 cTpamm; mnnmonncHoro TeKcTa, 34 CTpam!
~ PHCyHKOB n 6H6JIHorpaipmo, BRJIKl'IaJ:llllYl) 92 .Hron.teHOBaH118:. 

ABTOp aaiqmg~eT: 

I. ITpo,n;eJiaHHYll pa6oTy B no.nyqeHRR H o6pa6oTKe !:! IOOOO 
rr-12c - B3am.m,n;eiicTmm npn P_;;;• =40 ThB/c c ,n;nyxMeTpoBoii npona.Ho
Boii ny3HPI>KOBOii KaMepll JIBS OlffiH. 

2. Pe3yJII,TaTH, no.nyqemme npn nccJie,n;oBaHRR o61!lllX CBOHCTB 
rr-12c - COy:I(apeHHtt. . · 

.... 8. MeTo,n; B~eJiemm ~ pe~yJII,Ta'):'H llCCJie,n;oBaHIDI rr-12c -BSaHM~ 
,n;eiicTmm ·c noJIH!=™ pa3BMOM JW)a yI'Jiepo,n;a •. 

4. Ilo.nyqeHHHe SKcnepm.teHTaJII,HlJ8 pe3yJII,TaTH npH HCCJie,n;oBa
HRR CBOiiCTB rr-12c - B3aHMO,n;eiicTBHii, conpoBoi;maeMIDC a,n;pomu.m,HC'."" 
IIylll8HHHMH Bill, a Ta.Kllte 9BOHCTB TaKl!IX a.n;PQHOB. 

5. Pe3yJII,TaTH.K3ytremm oco6eHHocTett rr-12c - Bsamiio,n;ettcTBHii 
C ncnycK8.HReM K;YMYJlliTHBHWC a,n;poHOB ll CBOttCTB TaRHX

0

a,n;:p0HOB. 

C0.I(EP]{AHHE .m,ICCEPTAUIIll 

Bo BBenemm: ,no,IttiepromaeTCH aKTyaJII,HOCTI, H3ytl0Hl!II nponec
COB MHOX8CTBemroro po~emm 'tJaCTJm B rJJY60KOHeynpynoc B8Bm!10-
,n;eiicTBIDIX a.n;poHOB BHCOKRX 3Heprim C aTOMHHMl'l R;lij)ru.m. CqiopzyJmpo
BaHa OCHOBHM ne.ni pa60TH! HCCJie,n;OBaTI, rr-12c - B3aHMO,n;ettCTBHH 
C ncnycKrumeM MpoHOB B 3II, B TOM'lllCJI8 ll K;YMYJlliTlIBHHX·a.n;poHOB, 
C~BHHTI, no.nyqeHHHe pesyJII,TaTH co CBOttCTBaMH BC8X Heynpy1mc 
rr-12c H U-p - B3aHMO,n;ettcTBHii, a Truate DHHBHTI, H llCCJI8,Il;OBaTl>. npn 
STOM TaKylO Cll8UH!plitJ8CitylO oco6eHHOCTI, a.n;PQH-smepimx B3aHMO,n;ettcT
Blm, KaK HBJieim:e noJIHoro pasBaJia smpa MmIIe:im. 

BI rJiaBe omi:cana MeTo.u;mta o6pa60TKH 9KCnepHMeHT8JII,HOii 
mi:qiop&l.Itlm. 

Ha.CTOJI!llaJI pa6oTa BHilOJIHeHa Ha OCHOB8 ,n;a.mw:x:,no.nyqemm:x: 
nplI o6pa60TK8 CHHMKOB C .n;ByxM8TpoBoii IlponaHOBOtt ny3upI,KOBOtt Ra

M8PH JIB8 OHHH - E-500.Kru.tepa HMeeT pa6o,zyJJ 06.nacTr> pa3MepoM 
2IO x 65 x 40 CM, B I9?2 ro'!JY OHa SKcno:impoBaJiaCI, B nytrKe 
OT~TeJII,HHX IT - M830HOB C HMnyJII,COMP = (40,00 ± 0,24) ThB/c 
Ha CepnyxOBCKOM ycKOpHT8JI8 (Y-70). 
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0T6op co6BTHil 0Cytll8CTBJI.ffJICH Ha npoCMOTpoBHX ~TOJiaX IiIIC-I. ITo KPH
T8P:H.HM, npmmTHM ,Il;Jlli npona.HOBOH nyslijll,KOBOli'KaMepll,C06HTIDI n.n;eH
Tllqnn:tlipoBaJIHCI, KaK "U-p'' , "IT-n !' ll: "U-C" .9<MeKTHBHOCTI, ,IOlOHHOro 
npocMOTpa no noncey snes,n; cocTa.BR/Ia 99,7% n 99,0% no noncey r -KBB.HTOB. . . •, 

HsMepeHHH npoBO.n;HJIHCI> Ha no.nyaBTOMa.Tax Tnna "ITYOC",pa6oTruo-
lllllX Ha .mnnm c 8BM IDCM-4. • 

· 1rlaJ8iTHtI8CRalI o6pa6oTRa npoBO.n;HJiaCI, c llOMOIItblO nporpaMMll 
~HT .7 , cos,n;rumoii ,Il;Jlli 6HCTpo,n;eil:CTBy!)lllHX 8BM TlIIIa C.ILC-I604A 
H IDCM-6. PesyJII,TaTH o6pa60TKII noKasaJIH: 

a) cpe.D;IIeKBa,!l;paTli"mlie onm6K1I nsMepemm npocTpaHCTB8HHHX 
Roop,n;mra.T X, ';;/ , i! ,Il;Jlli TO'ieR Bsrun,m,n;eiicTmm nep:mrnmx tr -Meso
HOB COOTB8TCTBeHHO pa.B_HH: 0,0078 CM, 0,028 CM, 0,048 CM; 'AJilI 
Bepmmt e± - nap. (OT KOHBepcHH r -KBaHTOD) 0,0095 CM, 0,026 CM, 
0,050 CM; . · 

"6) TO"lll'.OCTb onpe,n;eJiemm napaMeTpoB BTOPH'IHlJX 'tJaCTHn 3aDHCHT 
KaR OT ,n;JmHH CJie.n;a, Tait HOT ero HMnyJII,Ca. ,lJ,1m Bcex BTOPH'IHHX 
'iaCTHn (y:ttOBJI8TBOpm!.llltHX KPHTepruIM .x.:,. 'j... 'I.~ "' 3,5) 

~p "';:s:-;, = (I3,9 ± 0,3)% 
< .,:1iJt'(.> = 0,006I ± O,OOOI 

. < .t>p? =(0,0037 ±0,000I) pa,n; 
,Il;Jlli .}- - KBaHTOB ( J..! < II): 

0 . ~p 
< -;z;-> = ( I2,4 ± O,I) % 
<:"'WA.:>= 0,003I7 ± 0,00003 
< ~JS> = (0,0045 ± O,OOOI) pa,n;; 

B) B "U-p" - C06HTMX npll:CyTCTByeT npHMeCb o<. .=0,44 ,±0,03 
OT B8alIMO,n;eiicTBIDI Ha RBa8HCB060,D;IIHX HYRJIOHaX smep yrJiepo,n;a; 

r) npHMeCL 6HCTPHX IlpoTOHOB (P > 700 MsB/c) cpe,n;H n±-Me-
80HOB COCT8.BJlli8T (I2 ± 5)%. 

BH6pam sqxpeRTHBHM o6mcTr> ,Il;Jlli perncTpaUHH "snes,n;" H 

j - KBB.HTOB. · 
)J.1.tJI ytreTa B03MOl!CHHX noTepL ( - RBB.HTOB H Me,n;JieHIWX IlpoTO

HOB 6wm BB8,Il;8HH COOTB8TCTnyDl!l'le nonpaBKII. 

Bo II rJiaBe paccMoTpeHH o6IItHe cnoffcTBa rr-12c - nsrumo,n;effcT
Bmi, :B ,mcTHOCTH, C ~eJII,10 Cpa.BH8HRI! C pesyJII.TaTaMll ,npHBe.n;emnnm: 
B noc~e,n;ytllllIX rJiaBaX. ITo.nyqeHa cpe,D;IIHH MHOX8CTB8HHOCTL IT - Me-
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30HOB Bcex 3H8.KOB< '\> =9,23 ±. 0,05.0THOlleHHe 3TOH r.nroJKeCTBeH

HOCTH K MHOJKeCTBeHHOCTH II - .Me30HOB B IC N - B3alIMO)(eRCTBllfIX 

rrpn To:ii JKe :mepr:im · nepBn'Ilioro rr- - Me3oHa 

o < ns '1 :u-•lc ,vz:-~c = tt1 = I,I9 + o,or, 'ITO xoporno car-... < n$;, 31- - .Is/ 
JiacyeTCJI C ll3BeCTHJ:11.Ul )(8.HHllMH )(JIJI llllipoitoro )(llana30Ha 3HepruW • 

.Amunrn IiMITYJibClillX 11 yrJIOBHX pacnpe,D;eJieHllll rr± - Me30HOB B 

JI.C.K. norta3aJI, 'ITO 3Tll pacnpe)(eJICIIIIJI Ma.'IO OTJII1'IaIOTCH OT aHaJIO

I'If!Ilil1X )(JIH rr-p - coy,napeHUfi,rrp11'IeM m,myJILCHHe cneKTpH )(JIJI IC-Me-

30HOB 60.'Iee JiteCTKHe, '18M )(JIJI rr+ - !.!B30HOB, 'ITO MOJKHO oel'bJICIDiTb 

s(WleKTOM "JIIJ,D;uponaHUH". B. JI.C.K. rr± - Me30HU pe3KO IWJIJIIIMllpoBa

Hbl no HaIIpaBJieHmo )(BIDK8HID! HaJieTaJO!ljero IC - Me30IIa,IIpll'leM cTeIIeHb 

K0.7IJIIIMail;IIll )(JIJI It - Me30HOB 60Jibille, 'leM )(JIJI II+ - Me30HOB.IlOC.7Ie)(

Hee, cKopee Bcero, c~a,o c CYlI!eCTBOBaHHeM "coxpammmerocH" .7Ill

)(llpyIOOiero IC - MesoHa 
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• 
Pacrrpe)(eJieIDIH rr±- MesoHoB no norrepe'lHb!M m.myJibcaM ( /;_ ) 

arrrrpoKClIMI1POBaJIIICii BUpaJK8IDieM BU,na: ~';' = .JIJ /:{11
.z e-J.JiJ 11 

)(JIJI rraparleTpon IIOJIY'leHH cJie.n;yIDlllI1e sHa'leIDIH: 

Ar= (2,I2 ±. 0,II) • ro4 M6H • rsB-r ·c, A2 ~ I,08 ± 0,02, 

A3 = ( 5,99 ± 0,07) rsB-r • c lI,JIJI rr+ - M830HOB, Ar=(I, 73±0,09) • 

ro4 M6H • rsB-I • c, ¼ = I,08 ±. 0,02,As=(5,58;t0,07) rsB-1 ·c 

)(JIJI rr--Me30HoB,rrpll'lm,1 cpe)(Hlle 3Ha'leIDIH norrepe'Ilioro nMnyJibca He 

3UB11CHT OT MHOlK8CTBeHHOCTll 11)(8HT"nc]im:wponaHllliX B co611TUI1 npoTOHOB. 

l!IJIOII03UBHUe .Ce'leHUH rr± - Me30HOB, HOpMHpoBaHHl1e Ha IIOJIH08 

neynpyroe ce:qemre rr-12c - B3ailMO)(eircTnIDI,UMeIOT MaKCm,zyM rrp11 

:xJ. = 0 ( ;,: = If/· 11;;;,c ~ npuc5.7Ill3llT8JlbHO O)(IIHalWBlffi no Bl1COTe )(JIH 

rr+ lI rr- - M830HOB. BMII'lllHa OTHOrueIIIDI 3THX ce'!eHHii ( I?, ) K aHa-

JIOrll'lII!:IM )(JIJI II- -B3alIM0)(8llCTBIIH MaKCUMaJibHU B 06JiaCTll 

X= - I (o6JiaCTb q>parMeHTaIWU H)(pa), saTCM KpyTO cna,n;aeT, nepe-

ceKaH R, = I B pail.a He :le::! 0, I. • 
3na'leHUH napll;IIa.7IbHl1X K03(!X!)1Il:1;II8HTOB HeynpyrOCTll )(JIH rr-12c

B3ailM0)(8HCTBHH COBIIaJ(aIOT C aHaJIOrll'liillMll )(JIJI Irp - coy,D;apeIDIH ll 

He 3aBUCHT B npe)(eJiax 3KCnepUMeHTa.JlLHHX omneloK OT 'IUCJia ncny

l!l8HHl1X B co611TIDI npoToHOB ( Np ) . TaKHM 06pasm.1,noJIY'leHo )(O

noJIHIITeJibHoe yKU3anue Ha cJiaelyro saBUCUMOCTb napu,1a.JILII11X KoscWirr-

11;IIeHTOB HeynpyrocTH OT UTOMHOro HOMepa H,ll;pa MIDIJeHU. 
B III rJiaBe npnne)(eHH pesyJibTUTII, no.nyqemrue npn nccJie,D;oBaHHn 

npo~eccoB noJIHoro pasBaJia (IIP ) Mpa yrJiepo,D;a IC -Me3oHaMn c 
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Fjl,- = 40_ rsB/c.PaccM0Tpe1m cpe)(Hlle xapaKTepncTllKH TaKHX co611-

Tirll, mm.I003IIBHl1e cneKTpli BTOPII'Ili11X 'IllCTHIJ;, o6pa3YIOOUIJCCJI B3THX 

B3allMO)(e:iiCTBIDIX, rrapn;IraJiblfile K03qiqimmeHTUHeynpyrocTH. 

.u.,m H)(pa yrJiepo)(a JIBJieHHe ITP HCCJie)(yeTCJI BnepBue,npn'leM B 

YCJIOBHJIX, KOr)(a lI3BeCTIIl1 lIMITYJibCU BC8X BTOPH'IHIIX sapruteHHl1X 'laC

THIJ;.l!oJIY'lemrue pesyJibTaTu cpaBIIHBaIDTCJI c aHaJIOI'll'lHIIMII )(JIJI Bcex 

OCTaJibHIIX IC12C - B3allMO)(eHCTBillf npn TeX-Xe 3H8prHJIX nepBH'IHO-. 

ro IC - MesoHa. 

.u.,m OT6opa CO~UTillf C ITP .impa yrJiepo,D;a HcnOJib80Ba.7IllCb )(Ba 

KPHTepHH.Ilo nepBOMY KPHTeplIIO K co6HTR!IM c IIP 6blJIH OTHeceHU 

IC12c - B38.I1MO)(e:iiCTBUH, B KOTOpl1X 'IUCJIO 11)(8HTliq>HIJ;HpoB8.HH!IX npo

TOHOB #p ~ 4 (KpHTepHH I). 3ToT 
1
KBHTe~ aHaJIOrll'leH npHMeHHn

meMYCR B q>aT03MJJibCHOHH_HX pac5oTax' I · 'II . B ycJIOBHHX, Ror)(a ns- . 

B8CTHH lIMI1YJibCl1 ncex BTOpl1'IHl1X 'laCTlll\,OKa8aJIOCii .B08MOXHI:1M lIC

nOJib80BaTb BTOpoii KpHTep:im no Cy-MMUPHOMY 8aPJI)(Y 'IaCT~: 

~ = ( /Vp + Air': -Af-) 4 4, r.D;e IY.1'+ n ~- -'lllcJio_n+n IC
Me3onon, COOTB8TCTBeHHO. B OTJIINIIe OT KPHTepIDI I 3TOT KPHTepnil: 

y'lIITHBaeT 'lllCJIO RCilYlI!0HHl1X 611cTp11X npOTOHOB.Bcero ITO )(BYM KPH-. , 

TepHJIM 61lJio oTo6paHo 435 co6uTirll cpe)(llnoJIHoro 'IllCJia 6177 rr12e
B8aIIMo)(eiicTBirll. 

llcnOJib80BaHHe TOJibKO KPHTepHJI I ,D;aeT )(JIH 3Ha'IeIDIH BepOHT

HOCTH IIP .impa yrJiepo)(a W = (2,7±_0,2)%, KOTopoe B rrpe)(eJiax: OIIIH-

6oK conna,n;aeT C pesyJibTaTaMH, noJIY'leHHUMH )(JIJI H)(ep Jls Ir B to 

B )(IIalla80He 3Heprntt HaJieTaJOl!lHX ~-- M830HOB 20 + 60 rsB IO/_ 
IIpn OT6ope co6mntt c IlP H)(pa yrJiepo)(a no ,D;BYM KPIITepHJIM 

nOJIY'l0HO : W = (7 ,0 ±. 0,3) %. 

Afla.7Ill8 CBOHCTB BTOPH'IH11X 8apruteHHl1X 'laCTHil;,HCilYlI!8HHl1X H3 

3THX co6HTIIlf,nOKa8aJI: 
a) cpe)(Hllil: mmyJibc (P) n± - Me80HOB B co611THJIX c IlP 

M8HiiW8, MHOX0CTB8HHOCTb ( fl ) H cpe)(Hllil: yroJI IlC~CKa.Irn/I ( 8 ) 
3THX 'laCTHIJ; B JI.C.K. 60JII,llleM, '!eM B "0611'IB11X" IC 2c - coy,n;ape

HHJIX; 
6) B C0611THJIX c nOJIII11M pa8BaJIOM .impa yrJiepo)(a ncnyCKaHHe 

n±, - Me30HOB B 38J(HIOIO nOJIYCq>epy nponcio)(HT B !::o!I,5 pa8a '!Ullle, 

"tJ:eM B "o6wrnm:" IC12C - B3allM0)(0HCTBHHX; 

B) CBOHCTBa lI)(eHTHq>Hll;lIPOBaHHIIX npoTOHOB B co611THJIX C IlP II 

"o6wmmc" IC12C - B8allMO)(eiiCTBIDIX B rrpe)(eJiax OlIIH60K He OTJill

l!BllTCJI; 
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.n;) acp:pCKT ".mwrpcrnaHIIJI" B co6HTWIX c IIP ro:i;pa MHilleim CJia6ee, 

'leM BO Bcex OCTaJIL!illX rr-12c -B38llMO,n;eitCTBWIX. ,-', 

D IY rJiaBe nBe.n;cTaBJieHIJ peay.1IbTaTu,noJiytfemrue npn ncCJie,n;o

romrn: CBOfiCTB rr1 C - B3aIIl,m.n;efl:cTBHli C a.n;poHB.llm, ncnymemrm.m B 

3II B JI.C.K., a TaKJr:e CBOMCTBa TaKHX a.n;poHOB. 

Cro.n;a BKJIIO'leHIJ: 

I) BepORTHOCTn 06Hapy;iteHIIJI Jr12C - B3aHMO,n;ellCTBilH C a,n;poHa

MI1,HCilY1I!eHHHMII B 3Il; 

2) cpe,n;HUe xapaKTCpllCTllKH Jr12C - B3aHM0,1l;ellCTBHli C a.n;poHaMU, 

HCnyllleHHHMll B 3II; 
3) IDIRJII03HBHHe cneKTPH a.n;PQHOB, ncnymeHHHX B SIT. 
Ilpn aHaJIH3e OKOJIO 10000 n-12c - B3aHMO,n;efl:cTBHli npn 

P:;- = 40 raB/c 6HJIO Hai1,neHO ~ 1800 C06llTHli c 0,1l;ImM II 6oJiee npo

TOIIa?,llI' ncnymemoom :a 3TI' KOTOpHe B ~ 50% CJIYllaeB m11eIOT m,mym,c 

p > 300 MaB/c. )lJm BepoRTHOCTell H3JIY'lelillli pa3HOI'O 'IHCJia npoTo

HOB ( ~ = I,2,3) B 3II ( a TaKJKe paaHoro tJllCJia npoTOHOB c 

p > 300 M3B/c B 3II) B rrpe.n;eJiax OIIIH60I, BIIDOJIHReTCR 3MI1l!PII'leCKOe 

BHpaJKeHne: w Alp 
Np ~ ~ ' 

(I) 

r,n;e Vv'J - BepORTHOCTn HCrryCKaHII.fI O.n;HOI'O, W~ - /\Ip IIpoTOHOB B 

3TI. OTO BHpaJKemrn YKa3lll3aeT Ha He3aDIICIDl!OCTn ~3JIY'leHHR pa3Horo 

'IUCJia rrpOTOHOB B SIT. 
)lJm BepoRTHOCTe:H Ha6.1IIO,Il;eHIIJI Jr12c - B3aml!O,n;eifoTBHli, B KOTO

pHX B 3II ncrrycKaeTCR n+ - MC30H, n- - M030H, O.n;HOBpeMeHHO 

TI+ H TI- - Me30H , TI+ (IC) - Me30H BMeCTe C HpOTOHOM H 

TI+ II Jr - MC30!1H C rrpoTOHill/lll , Il;JIY'leHll COOTH011IeirnR,yKa8H

BaIOII1Re Ha TO, 'ITO Ilpoll;CCCH, Ilpll:BO.n;RII1RC K HCrryCKaHIDO TI+ II Jr -
MC30HOB B 3II D n-12c II B n-p - B3aHM0,1l;CllCTBWIX, IlO-Bll,1l;Hl,10rllY, 

B3aIDAOCM3aHll. Ilpou;eccu, npHBO,Il;HmIIe K O.n;HOBPCMCHHOMY ncrrycruunr,o 

npOTOHOB ( B TOM 'lHCJie I1 npOTOJiOB C pp:> 300 MaB/ C) II rr± -Me30HOD 

B SIT, RBJIR!OTCR H03UBHCID.lliMII ,n;pyr OT ,n;pyra. 

CpaBHeHirn 3Ha'ICHHM cpe,n;HUX MHOllteCTBCHHOCTefi ( fi ) , cpe,n;-

HHX m.rnyJincoB ( P ) H cpe.n;muc norrepetJHmc mmyJincoB ( If ) 
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l)' 
i) 

I 
I 

'1 

:( 
I 

-1~ 
iil 

1, 

! 

,n;JIJI BTOpll'IHhlX 3ap!IlKeH!IhlX II - M030HOB, o6pa30BaHIIh!X B n-12C-B3aH

M0,11;0llCTBIDIX,COI1poBO~aIO!l1RXCR ncrrycKaHHeM, no KpallHell Me£e, o.n;noro 

rrpoTOHa B SIT ( (Jr 2C) b ) C aHaJIOrlI'IHID/lll ,n;JIJI BCex TI- 2c -B3mI

M0,1l;ellCTBl!H((TI-I2C)ate) tOKa3aJIO, 'ITO cpe.n;HHe xapaKTepirnT:UKH n± -
MC30HOD B C06I1TWIX oi-1 C)b TaKHe lite, Kalt II B (rr

12
c>«ee .OT

MeTIIM, 'ITO cpe.n;mrn MHOlltCCTBCIIIIOCTH n± - M030HOB OKa3aJIHCn o.n;n

HaKOBHMH n .n;JIJI co6HTHii,HMCIOO\HX npoTOirn,HCilYll!elilme_ B ·3TI c lIMIPJJin

COM P~ P" , r.n;e PK = 300
2

400,500 M3B/c. Cpe.n;mi:e 111HoJKeCTBemrocTn 

rrpoTOHOB B C06h!TWIX (JrI C)
0 

IlO'ITll B.n;BOC 60Jinlll6,'ICM B (u12C)a,,• 
B Ta6mrn:e I np1rne.n;01ru OTHOIIICHII.fI cpe.n;1mx !,ll!Oll:CCTBCHHOCTCH 

( £ ( ii ) ) , cpe,n;HHX m,myJincon ( R. ( P ) ) lI cpe.n;HHX nonepe'!-

Hh!X ID/lITYJinCOB ( R. ( ii ) . ) 'laCTHIJ; B co611TMX C TI - MC30HaMII B 

3II ( co6HTlliI •3II•) K 3TID.i JKe BeJIHtJRHaM BO ncex Irp n n-12c -Baau

Mo.n;eil:cTBIDIX ( a.n;ecn nH.n;eKcrul!ll .,· cflt " o6oaHatJeHH Bee '!aCTHUH," b " -
npoTOHH, lICilYll!CHHHe B SIT, " S " - rrpoTOHil c P) 300 M3B/c) .KaK 

Bll.n;HO H3 .D:aHIIh!X,Ilpe.n;cTaBJICHHHX B Ta6JIIlIJ;e I,cpe,n;HJIJI MHOlltCCTBCH!IOCTn 

rr± - M030HOB B co6HTRRX "SIT" Ha 20% rrpeBI,mraeT cpe.n;Hl010 MHOlltCCT-

........ ...,_ ....... - ..... -
OTHO- 'fim co6u- rrI2c· II-p 
meHIIe TIU! 

R. C nr. .. ) aee I,23 ± 0,02 I,22 ± 0,02. 

R, ( iiji•) Q('Q I,15 ± 0,02 I,18 ± 0,02 

R, ( rip) b I,07 ± 0,06 -
R, ( rip).s I,23 ± 0,05 0,71 ± 0,07 

f?. ( P!i+) q<>e 0,83 ± 0,02 0,89 ± 0,04 

R, ( P.fi•) Dlte 0,83 ± 0,02 0,80 ± 0,03 

R.. ( A:nt) aee 0,98 ± O,OI 0,92 ± 0,03 

Fl ( A.J-)t:tU 0,97 ± 0,02 o,89 ± o,or 

BeHHOCTn ,n;JIJI ncex Ir-'-"C ll n-p -B3aIIMO,n;e:itcTBIIH,cpe.n;HIIe lite :rn.myJin 
CH 3THX tJaCTHIJ; HeCROJinKO MeUnrue,'ICM BO BCCX Il-p- l'I Jr12c -B3aH

MO.Il:0llCTBUlIX.Cpe,n;Hl'Ie MHOJKeCTBCHHOCTll rrpoTOHOB,HCnymeHHHX B 3II B 

rrpe,n;eJiax Oillll60K•TaIOIC JKC,KaR Il BO BCeX Jr12C -B3al1MO,Il;CllCTBIDIX, 

TaKOll lite BHB0,11; 6HJI IlOJIYlleH ll ,n;JIJI BCCX npoTOHOB,llCI1Yll!eHHHX B co-

6HTllfIX 3Il .HcKJIIO'leHl'IeM .IIBJlfllOTCR cpe.n;HHe MHOlltCCTBeHHOCTU npoTOHOB 

C p > 300 MaB/c. B rr12c - Baam.10.n;ei1CTBlU!X C n± - M030HBMII 

B 3II IlX MHOlltCCTBeHHOCTn Ha ~ 20% OOJinUIC, 'ICM BO BCCX II-
12c -

coy.n;apemmx. OTMCTIDA, 'ITO B n-p - B3aHMO,neiiCTBIDIX C II -MC30-

H81vm B SIT fi f'.s MCHnllIC Ha !::! 30% , 'leM BO BCCX Jr p - B3aml!0,1l;Cll-

CTBR8'.X• 
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Ha.6JIXJ,ll;aeTCR CYD.leCTBeHHM pasH:ima B cpe,IUllIX m.mym,cax rr±-Me-

30HOB, FICITyllleHHUX B 3II li3 u-12c - li ICp - B3al!MO,n;ei1CTBIIB: . ,. 

P3t± w-12c) /p $1 (U-p ) = I,29 ± 0,06, (2) 

B TO Bpetur MR cpe,n;Hlie m.mym,cu Bcex rr±, - Me30HOB B U-p -B3ffiIMO

,n;eilcTBliRX CliCTeMaTH'I8CRli 6om,me cpe,n;HliX m.mym,coB 3THX Me30HOB 

B U-12c - B3aRMo,n;efiCTBRRX, 

3TOT qiaKT BMeCTO C OTMetreHHIIM BlllllB POCTOM MU0'1t8CTBeHHOCTll 

6ucTpllX IIPOTOHOB ( P > 300 MsB/ c) B co6IITH.IIX 11 3II" MOlltHO pac

CMa Tp:ima TI> RaR yxasaHRe na CYD.leCTBOBamrn B r 12c - Bsam10,n;eil

CTBR1IX RyMyJ!fITHBHHX co6uTirli,pesym,TaTu·nccJie,n;oBaHRR ROTopux: 

li3JIOiltemi B Y rJiaBe .D;liCCepTarnm, . . J3 
: Ilo~eHH CTPYRTYPHlle ®'H~ . .n;J!fI rrpoTOHOB J (P:) = ~ E "p' 

liCITylll8HHUX "Hasa.n:
11 

( e .. h 90°) ll3 u-12c- B3fil™o,n;eilcTBlill ; 1Brrepe,n;11 

( 8,A <. 90°) ll3 u-12c - li U-p - B3al!MO,n;eilcTBlill. . 

3TH ~ aIIIIpOKCHMHpoBaJIHCI, Bllpa.llt8HIDIMII BJI,Il;a: 

J£lP9 -=JIJ o..x.f'(.-13J.P
2
), (3) 

JnI6o 

.:12. (P3:J =.Ila ~(-8aPa)+~ e;c.p (-B,p, (4) 

B saBIICIDIIOCTll OT ycJIOBlill ,n;OCTmKeHHR H~eil aIIIIpoRCllMa!l,IDI, 

0TMeTm& nanc!OJiea CYllt6CTBelilili8 4)0.RTII: 

3HatreHlie napa.MeTpa Br .n;J!fI r p - B3al!MO,n;eilcTmm COBrra.n;aeT I 

co 3HatreHlieM na_pa.MeTpa B3 ,JJ;J!fI IIpoTOHOB, llCllYD.18HHHX "Brrepe,n; 11 

U3 Il-I2c - B3am10,n;eilcTBlill, B TOM 'IHCJie U B pa3HHX lIHTepBaJiaX 

"ne~e,n;HHX11 yrJIOB, TaRHM o6pa30M cpe.D;li rrpoTOHOB,llCITylllemrnx ll3 

IC
1 C - Bsam.10,n;eilCTBIIll II BIIepe,n; 11

, CYJ!l8CTBY8T rpyrrna,ROTOPM He 

'!yBCTByeT BJIIDil!IDI .a:n;pa, 

C YBeJ!ll'I8HlieM yrJia ncnycKaHHR: HaMetraeTCR POCT BeJilI'!HH napa

M8TpoB B3, IlpH'IeM B rr-I
2c - B3amm,n;eilCTBRIIX C "P = I ll ~2 3TH 

napaIJeTpll ORa3UBalOTCR O.n;lIHaROBllMll 110 BeJIHl!llHe. 

IlapaIJeTp ¾ ,n;J!fI npoTOHOB,HCicylllemrnx li3 u-12c -B3aRMO,n;eilcT

BHll 11Bnepe.n;11 lI 11Hasa.n;11
, B rrpe.n;eJia.X omn6oR O.n;IIHaROBll lI He 3aBH

CRT OT MHOJK8CTBeHHOCTH lipoTOHOB, IIO-BJI,Il;IDl!Of/lY, 3TO CBR3aHO C 

60JII,llJilM. BRJia,JJ;OM ncnapHT8JII,HUX lipoTOHOB B 11 RpyTo:lt11 traCTU CII8RTpoB. 
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IlocJie,IUiee IIO,JJ;TB8P.11U1aeTCR xapaRTepoM yrJIOBllX pacnpe.n;e.1eHIIll npoTO

HOB c P 4 0,2 rsB/c n P .q 0,2 TuB/c. IlpoTOHU nepBoii rpyrrlill 

6oJiee lI30TPOIIHll, lJ:eM llTOpoii. 

D mmym,cHux: pacrrpe,n;eJieHURX n± - Me3oHoB,HCnyIJlemmx B 3II ns · 

JC12c - B3aI™O,JJ;eHCTBllH ,Ha6.mo,n;aeTCR 3HatIIITeJII,HM .IJ;OJIR lffiCTlll( sa 

npe,n;eJiaMli RUHeMaTll'!eCRli paspemeHHO:li o6JiaCTII ,n;J!fI a,IJ;pOH-!JYRJIOHHUX: 

coy,n;apeHliil.YrJiomm pacrrpe,n;eJieHHR n± - uesoHoB, ncnyIJleHHux: B 3II, 
6Jll13Rli R ll30TpOIIHllM, 

BY rJiaBe no~eHH: 

BepoRTHOCTll o6Hapy,icemm RyMyJUi:TllBHllX n-
12c -B3ail1,to,n;ei1:cTBlill 

(KB) npn P$- = 40 rsB/c, 

cpe,n;Hlie xapap;TepncTHRli RyMyJIRTllBHUX: rr±- M830HOB (Il±c) 

cpe,n;Hlie xapaKT8pllCT:IIllli I{B • 

ll!IKJJI03lIBHll8 CII8KTpl1 II+ C , liCIIJ'lll8HHillC B 3a,IJ;HIOIO IIOJI'JCipepy 

(3II) ( rr\,e >. 
BosMOlKHllM crroco6oM BH,JJ;eJie!IlJ.!I rm RBJIR8TCR OT60p co6UTJiii, 

nMelOOllIX a.n;poHu c sHeprneii, npeB1illilaIOII1eiI Kll!IeMaTHtiecKU ,n;orrycTm,rue 

8HatJ:eJIIDI .n;J!fI a.n;poH-a.n;pOHHhlX B3illlMO,IJ;eiicTBuii .uml B HaI!I8!.I c~ae 

IIllOH-HYRJIOHHUX: B3aHMO,ll;8HCTB!Ill, 

,lJ,mI Bll,ll;8JI8JJIJ.!I TaKIIX co6HTHli IICIIOJII,30BaJIUCI, B8.JIWrn:Ha : 

Ylc = 
El 1.- eo~eJ 

Mp. 
(5) 

KOTOPYIO ycJIOBHO MOJKHO naaBaTI, IIOPJI.n:KOM Kyl,WJlfITHBHOCTH.B 3TOM Bll

pa.llt8lm!I E ' 9 - IIOJIHM 9H8prw! ll yroJI BWieTa IT - Me30Ha B JI. C. K •• 

COOTB8TCTB8HHO.. MIi - !lf.acca HYRJIOHa. 0T6UpaJnICI, co6UTIIJI. m.m~ne 

XOTR 6u _O.n;IIH rr± - M830H ·C Ylc ~I.OTMeTUM, 'ITO B auamrn 6IIJIII BRJIIO

l!8Hll TOJ!I,KO TaIGie co6UTM,B KOTO~l:JX JIMITIJJII,C II -M830HOB 6UJI JI3-

MepeH c omn6Kol!,He 60JJI,Iilei1 30% *. 
Upn aHa.mrne 10000 u-12c - B33IlMO.D;CiiCTB:f!If OWIO Hai~eno 99 

co6IITIIll,llMelOII11IX IOI n± -M830H C rz, ir. B OT06paHHhlX C06UTJIIDC 

90% c~aeB Icy1,YJ!fITliBHllM . ORa3aJICJI Il+ - M880H, IIp!ItJeM Kalt II+ -
Me30Hl:I,TaK n u-c- lil830Hll B 80% CJIY'IUCB ncnycKUIOTCJI B 3II <rr!,,c ). 

BepoJITHOCTI, o6pa30BUHlUI ITC - M830HOB 60JI1,lll8 D co61:ITJUIX C 

*) no HillllllM on:eHKaM ,rrpn 3TOM MU Tep.iieM ne OOJII,Iile IO% Ill, 
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OOJILll!eii fillIOiiteCTB0HHOCTI:>IO Il - M0SOHOD ( n J;' ) )! Il.IJOTOHOD ( NP ) . 
Cpe,IUrn:e sHatJ:emm rrapa.MeTpa ItyrzyJUITHBHOCTl'I ( Iii:. ) He samrnHT 
OT n.;i . R OCTaIOTC.ll o,u;mraKOBHMII .D:JUI COOllTRii C rr+ ~ R ri-o-Meso
Hffim, HO. saBIIC.lIT OT MHOJKeCTD0HHOCTR II.IJOTOHOB ( B co(5llTIDIX C 
/II p >,, 2 om1 oKasllBaIOTc.ll 60JIL111e, · tJ:eM D coc5nTIDIX c Hp = I) • 

·Cpe,n:HJie SHatJ:eHM ITOJIHllX JIMIIyJILCOB ( P ) ,Il;JI.II Il+C - M0SOHOB.00JIL'."" 
111e B coc5nT~ c c5oJILIIllIM:II sHatJ:eHIDIMH 12,Jl H Np .A6coJIIOTHUe 
sHatJ:eHM cpe.D:IIBX nonepe'!HllX mmyJILcon If .ItJilI rr+c ~ 2,5 ~sa 
OOJILll!e cpe.n;Hl'IX SHa~emra PL ,Il;JI.II rr± - M8SOHOB l'IS BCeX Ir 2C -
BSaJmo.n:eiiCTBIDI ~. B TOM 'I:IICJie, ,ItJilI Bcex II± - M8SOHOD; l'ICIIYll!eH
HllX B 3Il. 

CTpyKTypHM qiyHimM :f{P
2

) ... 

,Il;JI.II rr+ - M8SOHOB l'IM80T aKCITOHemma.m,Jlllii BH.n;*): J(P 2)=.Ae:ip{-8I);; 
.ItJilI na~eT.IJOB A JI B IIOJIY'I8Hll ijHa'Ie~ A= 

2 
(0,8±0;2) (TuB) - 2c3 

(cTepa.n:) 1, B = (I,9 ± 0,2) (TuB/c) 2 ( ~ = I,O Ha O,Il;Hy cTe
neHI:> CBOOo.n;u). 8KCIIOH0HIUia.JILHllii Bll.D: HMeeT TaKJKe ll pacnpe.n;eReHJie 
IItc - MesoHoB no Be~He 11c · ; onpe,n:eJI.1IeMoii BnpaJJteHIIeM (5), 
T,e. : dN/ cJn,, ,.., exp (-8.l ne) 2. 

c napaMeTpOM HaMOHa Br = 3,0 ± 0,5 .< 'j =;= 0,55 Ha o.n:ey CTe
neHI:> CBOOO,Il;U). YrROBlle pacnpe,n:eReHR!I KYr.lYJI.IITJ!BHllX :rr±, - M8SOHOB 
B npe.n;eRaX 0111J160K MO.lKHO c'I:IITaTI:> nsoTpoIIlillMH. TaKoii ,xe BllBO.D: 
ITOJIY'IeH ,ItJilI Bcex II - MeSOHOB, RCrryuJl3~HllX _B 3II ( IY rJia.Ba), 

B Tac5mme 2 npHBe.n;eHll cpe.n:irn:e MHO.llteCTBeHHOCTJ! ( n. ) BTO
pl'I'IHllX saproiteHHllX tJ:aCTHU, oc5pasoBaHHllX B II12c - BSaHMO.n;eiicTBIDIX 

C nit ll ~c ( Tl'III COOllTIDI "rrt; l'I "rr;: t CO<:EBeTCTBeHHO) • B noc- ! 

Re.n;Heil KOROHke TaOJill!J;ll npHBe.n;eHll SHatJ:emm n ,ItJilI :rr±,.. MeSOHOB ll 

II.IJOTOHOB, llCIIYll!8HHllX HS BCeX Ir12C - BSaHMO,n:eiiCTBl!H, IiaK B:II.n;IIO 
HS .D:aHHllX, npe,n:cTaMeHHllX B llTOll Tac5mme, . 'ii - .ItJilI :rr± - Meso
HOB n Il.IJOTOHOD B COOllTIDIX c "~c" OoJILme, 'I8M DO Dcex rr-12c -
BSaHMo.n;eiiCTBIDIX, TaKoii xe BllBO.D: OUR c.n;eRaH ll npl'I aHaJIRSe CBOfiCTB 
rr-12c - BSaHMo.n:eiicTBl!H CTI - M8SOH3Mll B 3II (rnana IY). 

:JE) 
Hs-sa He.n:ocTaTO'IHOCTll CTaTHCTllltlI coOllTIDI C KYMYJI.IITliBHHMH 
lf9 - M8SOHaMR Mll 0rpaim'Il'IJIRCI:> ,Il;aHHllMR TOJILKO ,Il;JI.II II+ -MeSOHOB, 
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TAEJIHUA 2 

Tnn · Tl!n COOllTR.ll 
tJ:aCTHU 

"Il: It ,, "¾c" Bee n-12c 
rr+ .4,4 ± 0,3 4,_5 ± 0,7 3,10 ,± 0,02 
rr 3,4 ± 0,2 · 4;3 ± 0,6 3,22± 0,02 
p I,9 ± 0,2 I,6 ± 0,3 0,80 ,± O,OI 

~ 

B Tac5.mme 3 .D:JI.II coc5nTmi Tnna "II~, " npHBe,n:eHll suatJ:emm _ 
cpe.D:IIBX 1n.myJILcoB ( P ) , cpe,IUmx nonepe'!HllX RMIIyJILcon (t ) 
n cpe.D:IIBX yr ROB. BMeTa n R. c. R.. ( . 0 >' ,n;JI.II Bcex rr± -MesoHoB 

ll .II.IJOTOHOB •. 
TAEJIHUA 3 

rrnn XapaR-
PcTuB/c> /;, (raB/c) e (rpa.n:_) ~CTRU Tepl'!c-

TRRR 

rr+ I,7 ± O,I 0,43 ± 0,02 59,4 ± 2,5 
rr- 3,3 ± 0,4 0,34 ± 0,02 . 30,8 ± 2,9 
p 0,34± O,OI 0,25 ± O,OI 66,8 ± 2,5 • 

~HO, 'ITO SHa'IeHll.11 p B COOllTll.lIX C "IJ!," MeHI:>me, a 3HatJ:eHIDI 
0 - c5oJILme.tJ:eM BO Bcex rr12c - BsaHMo,n:eilcTBIDIX,IlocRe.n;Hee 

MOXHO 06'.r.8:cHHTI:> TeM_, 'ITO B .KB IIORHllll pasnaR JI.D:P3. yrRepo.n:a npo
HCXO,n:HT B:: 5 pas 'UU!!8 (ero B8.IJO.fITHOCTI:> 0,38 + 0,09) ,tJ:eM B OOH'I-
HllX rr12C- BSamJIO,n:eftCTBll.fIX, -

Cpe.n:irn:e sHa'!emm RMIIyJILCOB ( P ) , nonepe'IHllX JIMIIyJILCOB 
. ( fl ) ll yr ROB BWI8Ta B R, C. R, ( _ 0 ) . OllRH IIOJIY'I8Hll ll ,Il;M 

KB C @3_!!1:lM 'IllCROM :rr±, - M030HOB ( nii ) l'I IT.IJOTOHOB,(Afo,) .3Ha-
qemm: P,P~H 0 oKasaJIHcr, He saBncmnmm KaR OT 17/i ,TaK n 

OT~• 
0CH0BHl:lE B!IBO.IUl 

I. B nepno.n: c 1975 no I979 rr. c Y'!aCTneM aBTopa oc5pac5oTa

Hll no CTaH,n:a.IJTHllM K.IJRT8Pl1RM' npllH.l!TllX .ItJilI ,Il;ByxM8T.IJOBOi\ nponaHo
BOii ny3ll.IJI:>KOBOii RaMepll JIBS OlUill (.UTIIK-500), OKORO 30000 CTepeo-
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qx:>Tocmn.moB. I~sHo OROJio IOOOO ir12c - BSalIMo.n;s:licTBIDi c 65000 

n± - MS30Ha.MH, C 8000 JipOTOH&m l'l C 17000 o- KBaHTatm, B?J! 

3KcnepID1l8ll'l'clJIT,!lcJ.,'I liHqx:>~ C llOMOll!I,ID cTrur,na!)THHX nporpru.!M sa

nHCaIIa ua Ma.I'HHTHUX JISHTax CY?,lMapHHX pssyJII,TaTOB <.n .!> T) ,ll;JI!I 

6ucTpo.n;s:licTBYJDll!ID{ 9BM CDC - I604A FI CDC -6500. 

2. Cpe,IUUI.lI MHOX0CTB0HIIOCTb BTOpH'IlmX IT - MS30HOB B IT-I2C -

BSruiMo.n;eiicTmmx npn Pli- = 40 ThB/c B(I,I9 ± O,OI)pasa 6oJJI,rnS,'!JSM 

,n;JllI IT-Ai_ co6HTM npn TOii xs ::msprmI nspBFI'!JHoro Ir- MS30Ha.9ToT 

pssyJJI,TaT xopomo corJiacysTCJI c RSBSCTHHMFI ,n;aHIIUMFI .n;JllI llllipoKOro 

,n;FianasoHa nepBwnmx sHsprmi. 

3. 3Ha'!JSHIDI napD;IIaJJI,HHX It03qxpmu!SHTOB HSynpyrocTlI COBITa,n;a

IDT C aHaJIOI'lI'IHUMli ,n;JllI Irp - B3alIMO.n;e:iicTBIDi. TaKHM o6pa30M,llOJIY

'!JSHO .n;onOJIHlITSJJI,HOS yitasrums Ha CJia6yio 3aBlIClIMOCTb 3TlIX K03qxlm

Itll0HTOB OT aTOMHOro HOMepa ~ Mllll!SHR. 

4. BspO.A:THOCTb llOJIHOI'O pa3BaJia .A:.n;pa yrJispo.n;a (npn liCIIOJll,-

30BaHlilI RplITSPIUI OT6opa co6mm1, aHaJIOI'WIHOI'O llPJIMSH.frB!llSMJC.fr B 

qx)T03MJ.7ll,CIIOHIIUX pa6omx: "f~ 4) COCTaBJilIOT (2, 7 ± 0,2)% • 

ROTOpos B nps.n;eJiax OllllI60R COBlla,n;asT c pssyJibTaTaMII, IIOJIY'!JSHHmm 

,n;JI!I .A:.n;sp A., H .i.: B ,JtRanasoHs 3Hsprmi HaJieT~ Ir -MS30HOB 

20 + 60 ThB. 

, l!CIIOJJI,30Ba!IBS .D;OIIOJI!lllTSJibHOro HSilpJIMswrnrusroc.fr paHSS RPliTS

PlIR OT6opa C06UTilll no cyrm.iapHOMY sapsmy BCSX BTOpl!'!JHHX '!JaCT~ 

II03BOJIRJIO 3Ha'llfTSJll,HO pacmiipnTb KJiaCC co6UTl'Ill C IIOJI!illM pasBaJim,! 

.A:.n;pa yrJispo.n;a II BilSPBHS ,ll;JI.fr BSpo.frTHOCTH 3TOI'O npouscca llOJIY'IUTb' 

suai:rs1rns (7,0 ± 0,3)%. · 

B co6UTlI.frX c IlOJIHHM pasBaJIOM .A:.n;pa yrJispo.n;a Ha6JIIO.n;aSTC.fr OT

JIH'llre CBOHCTB n± - MS30HOB { TaRRX, Kalt ii . ~ . 0 ) OT aHaJIOrRtJ:

HUX ,ll;JI!I BCSX Ir12c - B3afil10.D;SliCTBllli. 

5. IToJiytJ:sua IlOJIHM lIHqx)PMfil{l!li O CBO:liCTBaX IT-12c'·- B3a.IDl[O

.n;si1cTmm c a,n;pouar,m, lICilYI!ISHIIill.m: B 3a.n;I!ID!O IlOJIYCqispy B Jia60paTop

uoii CHCTSMS ROOp.n;miaT. 0Ra3aJIOCb: 

a) B ( 15 ± I)% CJIYtJ:aOB B 3a.n;II!OlO IlOJIYCqiepy :e:cnyCRaIDTC.fr Ir -
M030Hll lI B (II ± I)% CJiytJ:aeB Ir- M030HH; 

6) npousccu, nplIBO,ItJillllIO R nccycKairnIO IT - MS30HOB II rrpoTOHOB 

B 3a.n;IIIDJO IlOJIYCq>spy,SIDJimOTCJI HS3aBl'!CHMHMII .n;pyr OT .n;pyra.ITpousccu, 

nplIBO,ll;Jllltlie R lICnyCRflHlI!O W - MS30HOB l'l Ir - MS30HOB B 3a.n;IIIDJO 

IlOJIYCqiepy Kalt B rr-12c -,TaR lI Irp - B3allMO,ll;SllCTBIDIX,B3aIDw!03aBn

cmru; 
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. B) 3Ha'IJSHIDI cps.n;imx IDfflYJibCOB BCSX n± - MS30HOB B co6UTlI.frX C 

IT - MS30HaMR B 3a.n;IIS:li IIOJIYCcpeps }.mm,ms, 'ISM BO. Bc·ex OCTaJJI,HUX 
B3aJIMo.n;ettcTBIDIX; · · 

r) OCHOBHUS XapaRTSPHCTlIRl'l B3alIMO,ll;SliCTBJili I COJipOBOJlr,i:taT11rtlf)1'~ 

C.II lICnycKaimeM IlpoTOHOB B 3a.n;Hl0ll) IIOJIYCq>spy. COBilaJil'l . 6 aIIaJIOrntJ:HU-, 

MII .n;JllI BCs:x' Ir1~c -·nsaIIMo.n;si1cTBM; 

.n;) cps.n;HHS lIMnyJll,CU n± -MS30HOB, lICIIYI!ISHIIHX B 3a,n;!Im IIO

JIYCq>epy 1'13 Ir
12C - B3alIMO,n;eiiCTBllli,;a(I,29 ± 0,06)pa3 60JJI,llle,'!JSM 

,n;JllI n± - Me30HOB, lICIIy!IISHHUX B 3a.n;HIOIO IIO,!J:YCcpspy 1'13 Irp-coy,n;a

peHFill, 'ITO CB.fr3aIIO C CYI!ISCTBOBaHlISM B Ir12C - B3alIMO.D;SiiCTBlI.IIX 

Rylv1YJilITmlHl1X C06HTM. 

6. ITplI B3alIMO.D;SliCTBlllI Ir- Me30HOB C .A:.n;pru.11! yrJiepo,n;a B 

(I,0 ± 0,I) % CJiyqaSB Ha6.mo,u;aIOTCJI Rylv1YJI.IITIIBHUS IT - MS30HH;KOTO

pus B 80% C~SB ncnycKaIOTCJI B 3a.n;HIOIO IIOJIYCqiepy n B 90% CJIY

'!JaSB RMsmno.irolriITeJJI,Huii 3HaR. 

Ilpl!'IsM: 

a) cps,wms 3Ha'!JSHRlI noneps'!JHUX· HMIIyJibCOB ( R_ ) ,n;JllI Ky'

MYJI.IITl'IBHHX II - Msso·Hon B 2. - 2, 5 pasa 6oJJI,ms sHa'Ismnt P .L -

,n;JllI n± - MS30HOB R3 BCSX ir12c - B3alIMO.D;OHCTBlltt lI B TOM '!JllCJIS 

,n;JllI IT± - M830HOB, lICIIy!IISHHUX B 3a.n;II!OID IIOJIYCcpepy; 

6) cpe~mi:S-MHOlltSCTBeHHOCTlI BTOpl!'IHHX '!JaC~ B ir12c - B3ali

Mo.n;eiiCTBlI.IIX,llMSJ!llillIX Ryl.!YJI.IITIIBHHe IT - MS30HH, saMSTHO 60JiblliS, 

'ISM BO Bcex ir12c - co6HTlI.IIX; 

B) B Ry?,1YJI.IITHBHHX B3alIMO.D;SiiCTBJI.IIX IIOJIHUli pa3BaJI .A:.n;pa yrJis

po.n;a II.PORCXO.n;JIT npl'IMSPHO B 5 pas 'IJallle, 'ISM BO BCSX ir12c -coy

.n;apsHMX. 
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