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Odma.11 xapmtTepllcTmta pa6oTH 

ARTY8.JihHOCTh rrpodxeMH. JI3yqeHlle 8,Iij)OH-smepHHX B3aliMO'AeilcTBllil: 
npn BHCOKHX sHeprIDIX B noMe~e ro,IUI xapmtTepnsyeTC.!l 6ypHHM pa3-
BilTHeM. B npoBe'AeHIWX 3KCllep:llM6HT8JihHUX ll TeopeTll"I6CKHX llCMe'AOBa
mm:x llMyqeHo 1/IHOro HOB1IX CB6'A6Hllil O pacnpe'Aexemm:x MPOHHOii MaTe
pllll BHYTPU-Jf,Iij)a,B3aHMO'AeilcTBIDIX BTOplI~HX "!aCTlill;(BMIO"Ia.!l pe30HaH
Chl ) C BHYTPHM6PiillMII HYl\JIOHaMll, a Ta.IOKe O TaKOM crienir@ItrecKOM smep
HOM .!lllJI6HHU, mm IcyMymITIIBHHii 3c@eKT, B KOTOpOM llpORBJli:IeTC.!l KMXeK
TllBHHH xapaKTep B38lIMO'Aeii:CTBil.!l Hj'"KJIOHOB smep. 

Bamrne MeCTO B llCM6'AOBaHIDIX 8,Iij)OH-smepHUX B3aliMO'A6iiCTBilii: sa
ffilMam npoueccu 'ABOil:Hoti nepesap.lI,Il;KH (.llll) nIIOHOB na smpax, 
ll0'AP06HO 1rnytreHH!ie B o6xaCTll CpaBHllTOXhHO ID13KIIX unep:rnii: (IDOKe 
0,5 raB) .B npoueccax ,IIJI ytraCTBYIOT,KaK MI!HllMyM,'AB~ HYKXOHa Jf,Iij)a,B 
pesyxhTaTe :m B llplIHUlllle MOryT o6pa30BaThC.!l Jf,Iij)a C lI3611TOTilillM t{IIC
.JIOM netl:TpOHOB IIJill npoTOHOB. 1'13Y,Ia.!l npouecc11 ,IIJI,MOlKIIO llMytrlITh He
KOTOplle CBe~eHll.!l O CTPYKTYPe Jf,Iij)a,pacnpe'AMOIDm MOTHOCTll .imepHoil 
MaTOIJIDi, KOppcJI.mJ;IIBX BHy-TpU .rmpa Myx O'AHOil:MeHHO 33p.!ilKOHHI1X Hy-MO
HOB II T.~. 

C03'A3Ill!e HOBOii: TeopeTlltreCKOll KOHUerru;mr - rnntm03UBHOro OllllCa
mm npoueccon MIIOJKeCTBenuoro polli,ll.eHII.!l "!aCTHU - o6ecrret{IIXO cymecT
nemruii nporpecc B HCCX6'AOBaHIDIX B3rul:MO'A6llCTBll.!l 8,Iij)OHOB C Mp:OHa
MU H .!l,I{par,m llpil BllCOKHX 3Hepl'IDIX. H3yqeHlle MHOlKOCTBeHHO:ll: reHepa
UIDI traCTHU B 8,Iij)OH-.imepHHX COY'Aapemm:x llpll 3HeprIDDC B H6CKOXbKO 
rsB npe'ACTffilJIBOT 60XhillOH IIHTepec C TO'{Kll speHIDI npoBepKil llp6'ACKa3a
HJiii rHIIOTe3 npe'AeXhHOii ~panJeHTan,IB II MaCIDTa6HOll IlHBapllaHTHOCTH 
B 3aBllCil:MOCTll OT Tilrra MllllleHll B o6xaCTil aneprIDi,'AaJieKoii OT acUMll
TOTH"IeCKOH. 

061-·;,,) --;,~ 

ZJ~r,;~-F·~ --; , ~t~; H,-, ~iw<ul 
GViC:,.1ivk)T~nA 



HcCJie'AOBrume nponeccoB MHOJKeCTBeHHoro o6pasoBaHIDI tJ:acTm:i; Ha 
M!Je B 38.BHCliMOCTH OT KOJilI'IeCTBa yqaCTB~·B HllX HYKJIOHOB 
nosBOJIJieT nOJiyqHT1> cBe'Aemm,Heo6xo~e wm: YTO'IHemm MexamI3MOD 
nnx nponeccoB. 

3KcnepllMeHTBJI1,Hllli MaTepHaJI,BOme,romrfi D OCHOBY HaCTOm!leil ~ccep-
, Taqiill,IlOJiyqeH aBTopoM B I97I - !978 r.r. coBMecTHo.c KOJIJieKTHBOM 
COTpy~oB,pa6oTaxmirx Ha 200-.mrTpOBOH nponaJI-qipeoHOBOH ny3Hp1,KOBOH 
I<aMepe IlO'A 06l!IHM IJYKOBO'ACTBOM lLJieHB.-KOppecnoH,D;eHTa AH CCCP npo
~eccopa B.IT.,ll.lKe.n:enoBa. 

Ue.mr n sa,n;atm ncCJie~oBamm.UeJII,JO ncCJie'AOBaHIDi,cocTa.BJI.lllO!I1li oc
HoBy ~ccepTaltllOHHott pa6oTu,J_IMHeTcH nsyqemre c.ne,IJyl(J:ltllX nponeccoB 
IIBOH-yrJiepo~IlX B3aHMO'A8fiCTBHil:MOHHOfi nepe3apsl:.IJ;Im H HHRJI103HBHOro 
o6pa30BaHID1 3apIDKeHHI1X IIBOHOB li raMMa-KB8llTOB U MHOJKeCTBeHHO:fi: reHe
PaltllU sapIDKeHHUX tracTIID;. 

B 3~atm HCCJie'AOBalilifi BXO~O nOJiyqemre cetreHHH nponecCOB MOil
HOM nepesap,mru1 n-,Me30HOB Ha M!Je yrJiepo'Aa; nsyqemre noBe'Aemm mr-

+ BapUaHTHllX ~@lepe~aJI1,HI1X cetreHUfi o6pa30BamIB II- M830HOB U raMMa-
KBaHTOB B pa3.lilitfHhlX KUHeMaTntreCKHX o6JiaCTJlX;onpe'AeJI8HHe MHOJKeCTBeH
HOCTefi 3apmteHHblX tJ:aCTUU B IIBOH-yrJiepo~wc D3aID,m'AeiicTBUJlX B 38.BH
CliMOCTH OT tmCJia yqac~BYJO[lllDC B HHX HYKJIOHOB M!Ja. 

H~Y:IHM HOBH3Ha s~maeTcH·B TOM,tJ:To npn aHeprIDI 5 raB Ha 
60JI:&illOM CTaTHCTHtJ:eCitoM MaTepHaJie (II TltCH'l:' IIC-B3aliMO'A8HCTBHil) npo.;.. .· 
Be'Aeiill ncc.ne'AOBamm CJie.IJYKllll'!X nponeccoB IIBOH-yrJiepo~ B3aliMO
'AeilcTBH:f.l: 

I) MOHHOil nepe3ap,mruI OTpunaTeJII,HWC IT,Me30HOB Ha MIJ8X 
yrJiepo'Aa (B o6JiacTH aHeprml cBume 0,5 raB H3BeCTHa JI!Illl:& o~a aKcne
pliMeHTaJI:&HM pa6oTa); 

2) HHKJID3HBHOro o6pa30BaHID1 3apmKeHHl:lX IIBOHOB. n raMMa-KBmI
TOB (npeo6JI~aIOOlee 60JI:&JlJHHCTBO SitcnepllMeHTaJI:&Hl:DC 'AaHHWC B ~OH
RJJ;epHllX B3aliMO'AeficTBHJlX IlOJiyqeHO B 06JiaCTll 60Jiee BllCOKllX aHeprHfi 
npn E >IO raB); 

3) MHOJKeCTBeHHoft reHepau;mr sapHJKeHHWC tJ:acTun B 3aBnCliMOCTH , 
OT tmc.ira yqaCTByxmnIX B npo:a;eccax HYKJIOHOB (npn 3HeprMX HlllKO 40 raB 
Ta.KHe npo:a;eccu He HCCJie'AOBaJIHC:& ). 

A:Ha.mrs aKcnepllMeHTaJI:&HWC 'AaHHWC no MoilHofi nepesapsm1te npone~ 
'AeH Ha OCHOBe npe'ACTaBJieHHH 0 1 "MyxCTyneHtJ:aTOM" ~exrumsMe,no·MHo
JKeCTBeHHO:f.l reHSPaltllU - C nor.tOllll>IO KaCR~o-ncnapnT~Hofi MO'AeJIH. 
3KcnepllMeHTaJI:&Iille pe3yJI:&T8Tll nsyqemm oopa30BaHHH llllOHOB H ;f -KBaH

TOB CpaBmmaDTCH C pe3~JII,TaTru.m, no.nyqe:immm npn CYJll8CTB8HHO 6oJiee. 
BllCOKllX aHeprIDIX. 
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IlprutTHtJ:eCKM geHHOCTI, pa60Tll 

PesyJI:&TaTH ncCJie'AOBaHHH npo:a;eccon MOfiHofi nepesap,mru1 rr- Me-
30HOB li MHOJKeCTBeHHofi reHepaltllU traCTUU BO B3aliMO'AeilCTBIDIX C yqac
TlleM 2-x n 6oJiee HYKJIOHOB IlOK83HBatoT,tJ:TO OCHOBHOH DK.JI~ B 3TH npo
:a;eccu BHOCHT llOCJI8'AOBaTeJII,HH8 COY'ABP8HlllI C HYKJIOHB.MH RJJ;-
pa. ITpO'AOJllteHue liCCJie'AOBaHUH Il03BOMeT YTOtJ:HliTI, B~ Mexa
HH3MOB B3allMO'AefiCTBHfi,CBH3aHHI1X C rpynnoBHMH ( 2 H 60Jiee) Koppe
JIHIJ;HHMH HYKJIOHOB B R,ll;pe.Pe3yJI:&T8TH HCCJie'AOBaHHH IIHOH-yrJiepO'AHUX 
COY'Aapemril C BU'AeJiemreM tJ:HCJia yqacTBYl!lUIDC B HliX HYKJIOHOB .'AOilOJI
IDIIOT ~nsntJ:eCKYD KapTHHY nponeccon MHoJKeCTBeHHofi reHepaltllU tJ:ac
TUU B ~OH-RJJ;epHUX COY'ABpemmx. 

YcTaHOBJISHHM B 3KCnepliMeHT8 He3aBllCHMOCT:& HHBapnaHTHUX 'AliqJ
~epeHUHaJI:&HllX cetJ:eHHil o6pa30BaHHH sapHJKeHHUX IlHOHOB H raMMa-KBaHTOB 
n o6JiaCTH ~parMeHTanHH HaJieTaIOOleil tJ:aCTHD;ll OT Tnna MHllieHH ( P n C) 
corJiacyeTCH c pesyJI:&TaTru.m,nOJiyqeHHHMH rrpn BHCOKHX aueprnmc. 3To 
CBH'AeTeJI:&CTByeT O rJIY60itoM Il0'A06HH MeXaHH3MOB o6pasonamm TaKID!: 
tJ:aCTUU B onpe~eJieHHUX KUHeMaT:HtJ:eCKHX o6JiaCTJlX ~pOH-a'APOHHhlX n ~
poH-H.D;SpHhlX COY'AapeHHfi B IIIHpOKOM HHTepnaJie oHeprnil (OT 5 ran ~o 
3Heprnil B 'AeCHTKU li 60Jiee raB). 3TOT peayJI:&TaT ~OJIJKeH YtJ:HTHBaT:&CH 
npn YTOtJ:HeHHH li pa3BHTHH COBpeMeHHUX npe'ACTaBJieHHil 06 ~OH-RJJ;ep
HUX B3anMO~eficTBHil. 

ABTop sanzyr~geT peayJI:&TaTu HCCJie~oBrumil CJie,nyJOlllllX rrponeccon, 
npoBe'AeHHux Ha OCHOBe 'AaHHUX O IIBOH-yrJiepO'AHUX B3anMO~eilcTBIDIX npn 
5 raB/c: 

I) 'ABOHHOH rrepe3apsmKU rr- Me30HOB; 
2) MHOJK0CTBeHHOil reHepaltllH sapIDKeHHUX tJ:8CTHIJ; BO 

B3anMO'AeilcTFIDIX c ytJ:aCT:HeM 60Jiee I HYKJIOIIa; 
3) HHKJII03HBHOro o6paaonrumH sapruKeHHHX IIHOHOB 

H raMMa-KBaHTOB. 

Anpo6arw,H pa6oTH H ny6Jll1KaIUlli. OcHoBHUe pesyJI:&TaTH pa6oTH 
npe'ACTaBJI&Jil'lCb Ha MeJKJJYHapo~HhlX KOHrpepeHUIDIX no qM8HKe BHCOKllX 
aHeprnfi B T6HJIHcn (1976),Ey~anemTe (I977);ToKHo (1978) n onydJIH
KOBaHH B JKYI)HaJie "H.nepHM qM3HKa" II B mr.ne npenp:HHTOB n coo6111eHHii. 
OHH!1. 

06:&eM ~ccepTaltllH.TeKCT COCTOHT :H3 BBe'AeHHH,tJ:eTHpex rJiaB li 

3~JOtJ:eHHH • .IJ.nccepTaI1,HH co~epJKHT 100 CTpaHHIJ; ,BKJI!OtJ:M I4 Ta6JIUU 
H 24 pHCyHKa. 
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QQli![Q!aIIBe,;wccepT8Il;lm 

Bo BBenelfil~ OTMeqamcR BalKHOCTI, npoB8A8HIDI HCCJI8AOBrumtt M

poH-M8PHllX B3aHMOA8ilCTBlitt H OCHOBHUe ManpaMemm 3TIDC HCCJI8AOBa
Hltit. Cq)opzyJlllpOBaHll l{eJIH H sa_naqH HCCJI8AOBrumtt,cocT~ rrpeAMeT 
AHCCepTawrn:, IlOAtJ:8PKHYTll rrpe~eCTBa IlpOllaHOBOtt ny3!1p1,ROBOff RaMe
pll, HCllOJlb30BaHHOtt ,IJ,1IJl llpOB8A8IDUI 3KCnepHMeHTa. 

B nepBOH r~aBe AHCCepTanim Oim:CaHa M8TOAHKa o6pa60TKH AaHHllX 
c 1-MeTpOBOtt rrponaH-cppeOHOBOH nyS!lpl,KOBOtt RaMepu (IIK-200) ]a6opa
TOpHH M8PHllX rrpo6~eM orum. IlpHB8A8Hll RpaTROe Oim:crume ll OCHOBHHe 
_napaMeTpu aTofi KaMepu. 

Ha ycTaHOBKe IIK-200,sanOJIHeHHofi rrponaH~eOHOBOfi CM8C1,I0,6wro 
n~eHO CBllille 300 TllCR'l CTepeoqioTorpaqirut Ha nytJ:Ke Ir-M830HOB CHM
ny~1,coM 5 raB/c CHHJCPO!lJ830TpOHa JIB3 OillIB, 

ITOAP06HO paccMaTpHBaeTCR M8TOAHKa,Hcnom,soBaHHM ,IJ,1IJl orrpeAe~emm 
KOHCTaHT onTHtJ:8CKOH CHCT8Mll ycTaHOBKH IIK-200 IlpR sanOJIHemm ee nponaH
qipemioBott CMeCI,IO /1, 2/ C l{MI,IO IlpOBepKH IlpaBHJ.11,l!OCTH HaxOJ!t,Ilemm STHX 
KOHCTaHT IlpOB8A8H aHaJIH8 TOtJ:HOC~R BOCCTaHOBlleHIDI npocTpaHCTBeHHJ.lX 
ROOpAHHaT perrepHl.lX KpeCTOB Ha pa6otJ:IDC CTeKJiax RaMepu; HMny~I,COB 
nepBHtJHUX tJ:aCTHni aqq,eKTHBHJ.lX Mace HettTpMI,HllX CTpaHHllX tJ:aCTHI.{ R 
KHHeMaTnqecJWX rrapaMeTpOB 8TRX tJ:aCTill{. rr~eHHue peay~1,TaTll CBHAe
TMI,CTBYIOT 06 OTCYTCTBHH CY111eCTBeHHllX OTKJIOHemtit BOCCTaHOBlleHHUX 
BeJIHtJ:HH OT OJKR.IJ;aeMUX,a TaKllte O KOppeKTHOM BUqHCJI8Hllll norpenmoc-
Tett. HanpHMep,cpeAHRe 8HatJ:eHHR Mace OAHOSHatJ:Ho qiliTllpOBaHHllX 
qacTill{ H RX cpeAH8KBMPaTHtJ:HUe OTKJIOHemm ,IJ,1IJl /\

0 
ll K0-rnnoTe8 

paBHll · cooTBeTCTBeHHo:<m-"> =(1II6,1 ± 2,5)MaB n ~= 15 MaB; 
<m.K:(501,4 ± 4,2)MaB ll 6,; = 38 MaB; cpeAHHe 3HatJ:emm:~~,IJ,11Jl 8THX 
rnnoTe3-paBHll COOTBeTCTBeHHo: 2,86 ± 0,42 n 3,38 ± 0,26 ITpH Teo
peTHqecKH OJm,ICaeMOM 8HatJ:emm;paBHOM 3. 

)l;7m rrpoBeAeHHR HCCJI8AOB8Hlitt rrponeccoB ImOH-yr~epOAHUX B3ru!MO
AettCTBHH ,COCTaBHBIIIHX OCHOBY AHCCepTanim,6wro IlpOCMOTpeHo . CBllllle 
45 TUCRtJ: cTepeoqioTorpaqirut,n~eHHllX Ha IIK-200,aanOJIHeHHott rrporra
HOM, Hait,neHHUe IlpH $TOM co6UTM 6~ ll3MepeHU Ha nanyaBTOMaTHtJ:ec
KHX H3MepHTMiiHllX ycTpottCTBax ]ETA OIDIB ll aaTeM o6CqHTaHll no rrpor
paMMe reoMeTplltJ:8CKOtt peROHCTPYKnHH 1 - 6. IloCJie aHMH3a peay~1,
TaTOB o6cqeTa Ha ~eHTY CYMMapHl.lX peay~1,TaTOB 6wro SallllCaHO 
II TllCR'l ~aeB C IlpH3HaKaMH IIHOH-yr~epOAHOro B3aHMOA8HCTBM. 
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OllHCaHll KpnTepHH OT6opa n KJiaCCllqiliRanHH co6UTllfi B ill{-200; 
llMO:!K8Hll OCHOBHlle 3Tanu .o6pa60TKH AaHHllX Ha 8BM: aHMH3 AaHHllX 
IlpOCMOTpa M8HOK ll peay~1,TaTOB ocicqeTa no rrporpaMMe reoMeTpntJ:eCKOii 
peKOHCTpyro::urn; COCTffilJieHHe ~eHTll CJMMapHllX peay~1,TaTOB. Ilo,npo6HO 
nMaraeTCR M8TOAHKa ocipaciOTKH co6uTntt c raMMa-KBaHTaMH B IIK-200; 
oT6op raMMa-KBaHTOB n orrpeAe~eHHe

0

nx KHHeMa7ntJ:e/KHX rrapaMeTpoB; 
onemm rrpHMeCH qJOHOBllX raMMa-KBaHTOB n T,A, 3 ,4 • 

BTOpM r~aBa IlOCBffillaeTCR HCCJI8AOB8HH!O ABOfiHOH rrepeaap.fI,IlKU 
(.llll) Ir M830HOB-;a MPax yr~epoAa rrpH 5 raB/c / 5/,' Ilpnno,nHTCR KpaT
KHfi o6aop peay~1,TaTOB UCCJI8AOBaHHH rrponeccoB .lllI llHOHOB Ha R,lijlax. 
OTMeqeHo,qTo 6MI,illM qaCTI, SKCIIepnMeHTMI,HllX AaHHllX HMeeTCR B oci
~aCTH SHeprnfi HH:!Ke 0,5 raB n 'ITO M8XaHH3M nponecCOB .JJll AaJKe B STOH 
o6~aCTH aHeprHtt OKOHqaTMl,HO He YCTaHOB.JieH. 

)l;7m llCCJI8AOBaHM rrponeccoB .JJll OTpHl.{aTMl,HllX Im:OHOB Ha MPax 
yrJiePOAa OTciHpMHCI, co6UTIDI, B KOTOpllX cpeAH BTOP:lftJ:HllX qacTUI.{ neT 
OTpHl.{aTMI,HillC:. 

1r c ➔ 1r-1-+ 11t-,p+ ~ t + c~ (l) 

rAe m,, H m,z. - COOTB8TCTB8HHO qHCJia HA8HTll(lllinlipOBaHHllX IlpOTOHOB 
ll saperncTplipOBaHHllX raMMa KBaHTOB ("t,,m:~o) j . C~- H8HA8HTli(lllinli
poBaHHOe MPO-ocTaToK n HefiTpoHu;"W" - HAeHTll(lllinlipOBaHHue .rr+ Me
aoHU H BllCOKOSHepreTHqecKHe ITMO:!KHT8~1,HO sapSDKeHHUe ~aCTHl.{ll CHM=--
_ny~1,caMH p~ 700 + 800 MaB/c. B peay~1,TaTe IlpOCMOTpa 45 THCR'l CTe
peOCHHMKOB 6wro oTo6paHo 538 co6uTntt THna ( 1 ). PacrrpeAe~eHHe 
STHX co6uTntt no qH~ raMMa-KBaHTOB IIJ)lll38A8HO B Taci~nne 1. IloCJie 
nsMepemm,o6ctJ:eTa H noCJie,Izy1W1ero oT6opa me Ha ~eHTY CJMMapHllX pe
ay~TaToB 6wro sanncaHo 358 co6uTntt. 

TaciJllll{a 1 
PacrrpeAMeHHe co6uTnfi .lllI no qH~ raMMa-KBaHTOB 

~ 
~ 

0 

380 

I 

123 

2 3 

31 4 

B co6UTHRX (I) cpeAH BllCOK03HepreTHtJ:eCKHX IIMOJKllTMI,HllX qac
Tlll{ C p~ 700 + 800 Ma!Vc HaPMJ C .rr+ M830HaMll IDJ8IOTCR p~TllBllCTC
KHe IlpOTOHll. Co6uTHR c TaKHMll IlpOTOHaMll JIBJIJIIOTCR qJOHOBHMH·UO OTHO
ill8HHIO K rrponeccaM .Jlll, Pa3AMeHHe BllCOKOSHepreTnqecKHX IlMOlKIITMI,
HllX qaCTlll{ npOBO~OCI, rryTeM COITOCTaBlleHHR 3KCIIepHMeHTMl,HllX 
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ll pac'!eTHUX BeJI.l'l'lUH IIJIOTHOCTeil: 0 -aJieKTPOHOB. C03,I(aBaeMLIX Ha Tpe
Kax 3T.l'lX qacT;m. 0Ka3aJIOCb,'lTO B crreKTpe IlOJIOlllliTeJibHO 3apWKeHHl1X 
qacT;m c .l'lMilYJibCaMn 6oJiee I rsB/c OCHOBHYID ,I(OJIIO (74 ± 20 %)cOCT8.BJL'I
IOT Ir" Me30HL!. 

KpoMe OTMe'leHHLJC BLlllie rrpoueccoB C o6pa30BaH.l'leM BhCOKOOHepreTH
'leCK.l'lX rrpoTOHOB ~OHOBOH ITO OTHOllieH.l'lIO R rrpoueccaM JUI HMHeTCH peaR
r.um C polK,I(eH.l'leM n- Me30HOB C llMIIYJlbCOM MeHee 70 MaB/c,ROTOpue 
ll3-3a .l'lX KOpOTitoro rrpo6era B rrponaHOBOH KaMepe Olli.l'l60'!HO MoryT ClHTb 
npllHIITL! 3a npOTOHU. CneunaJibHIIB aHaJI.l'l3 noKa3aJI, 'ITO rrpUMeCb TaK.l'lX 
qioHom,x npouecc'oB He rrpeBLunaeT 4 %. --~ 

Onpe,n;eJieHHOe HaM.l'l TonOJiorn~ecKoe ce'leH.l'le rrpoueccoB (I) oKa-
3aJIOCb paBHJ:JM Oron =3.4 ± 0,4 M6H,Ilpll'leM Ce'leHirn IlpOUeCCOB (I), 
.l'l.nyJllHX 6e3 o6pa30BaH.l'lH n° Me30HOB,COCTaMHeT o;, =1~25 ± 0,45 M6H. 

C IlOMOIIU>IO OKcnepUMeHTaJlbHOro pacnpe,n;eJIAHWI co6HTHH (I) no 'l.l'lC
JIY ra.MMa-KBaHTOB ll C yqeTOM a~eKTllBHOCTll .l'lX perncTpauun IlOJiyqeHa 
cpe,n;HHH MHOJKeCTBeHHOCTb n°Me30HOB </l,,o > • B npoueccax (I) ,Kor,n;a 
o6paayeTCH I ll 60Jiee n° Me30HOB <llo> = 2,2 ± 0,2,'lTO B npe,n;eJiax 
omn60R corJiacyeTCH C orrpe,n;eJieHHOH Hal.l.l'l cpe.I(Heii MHOJKeCTBeHHOCTb!O 
n° MesouoB <If,,>= I,8 ± 0,2 B IrP coy,n;apeHIIsci npn 5 roB c o6paao
BaHHeM He MeHee I rr0 - Me30Ha. 

Ha pllc.I npnBe.n;eHo llMilYJibCHoe pacnpe,n;eJieH.l'le rr+ Me30HOB,o6pa-
3YlOIIl.l'lXCH B npoueccax (I).Cpe.n;Hee 3Ha'leH.l'le m,myJibCOB Ir" Me30HOB 
B COCl!lTllHX (I),B KOTOpux He Ha6JIIO,I(aIOTCH raM!lla - KBaHThl, 

<P+> = I,125 ± 0,070 raB/c-,'lTO 3ar,1eTHO rrpeBumaeT 3Ha'leH.l'le 
<P+> = 0 ,858 ± 01005 rsB/ c ,ll3MepeHHOe H?MH B IlllOH-yrJiepo.I(HUX B3a

llMO,I(elicTB.l'lHX (cM.Ta6Jiney 2).CJie.n;oBaTeJibHO,B rrpoueccax (I),rrpollc
xoW!ml1X 6e3 o6pa30BaHHH raMMa-KBaHTOB, rr+ Me30HU YHOC.ffT B cpe,I(HeM 
22 % 3Heprllll rrepBll'lHUX 'laCT;m.npll llCCJie,I(OBaHllHX JUI ITHOHOB B OClJiaCT.l'l 
aHepr.l'li1 HllJKe O, 5 rsB ClwIO IlOita3aHO. 'ITO ,I(BalK,I(U rrepe3apH.I(llBllilleCH 
qaCTllUH YHOCHT . B cpe.n;HeM 30 - 40 % 3Heprllll rrepBil'lHOH 'laCTiml!.. 
TaKaH pa3H;ma B 3HeprllHX,YHOCUMUX IlllOHaMll,06pa3ylOO\l™llCH B rrpoueccax 
JUI,o6MCHHeTCH TeM,'lTO rrpll BblCOK.l'lX aneprnHX B pe3yJibTaTe JUI 60JI:bllle 
aHeprnll nepBll'lHOll 'laCT.14Ull OT.I(aeTCH MPY Ha ero B036ylK,I(eHlle,KOTOpoe 
CH.l'lMaeTCH llCITycKaH.l'leM HcrrapllTeJibHEX IlpOTOHOB. 

OTMeTUM,'lTO ClOJiblli.l'lHCTBO raMMa-RBaHTOB Ha6JIIO.I(aeTC.ff B coCli.TllRX, 
B KOTopux Ir" Me30Hll llMeIOT He60Jlblillle .l'lMITYJIMll (pile.I). B COClllT.l'lHX 
(I),B IWTOpb!X P > 3,7 r::iB/c,raMMa-RBaHThl He Ha6JIIO.I(aJIIlCb, llpo
Be.n;eHHhle Hal,lll oueHKH norta3h!BaIOT,'lTO npUMeCb rr0Me30HOB B CO<lhlT.l'lHX 
(I) ,B KOTopwc P > 3 rsB/c,He rrpenumaeT 20 %. 
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reTll'leCK.l'lX Ir" Me30HOB OT RX UMrryJibCOB B Jia6o
paTOpHOll CllCTeMe KOOp.I(llHaT B JKeCTROH '!aCTll 
llMIIYJibCHOro cneKTpa 
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YrROBOe pacnpeAM8Jllie Ir" Me80HOB xapa.KTepnsyeTCH pe8KOH HaII
p~eHHOCTbID BnepeA.HanpHMep,B C0611TllRX,KOrAa llMIIYHbC n+ MeSOHa 
P+ ~ 3 raB/ C, 94 % Ir" MeSOHOB, BUJieTaIOT IlOA yrR8Mll Mefilllle I80, 
a 64 %- IlOA yrRaMH MeHbllle II 0 (cM.pllc.2). OTMeqemrue oco6eHHOCTll 
yrHOBOro pacnpeAMemm Ir" Me80HOB c~eCTBeHHO OTRllqaJOTCH OT ll80-
Tp0nHOro yrROBoro pacnpe)4MeHHR IlliOHOB,o6pasyromrucca npll .lJJI IDIOHOB 
Ha a,npax 4He Ilpll P = I,5 + 2,0 raB/c. 3TO CB~eTMbCTByeT o CMb
HOli 3aBllCllMOCTll MeXallli3MOB nII OT ~a. 

EOJibllilIHCTBO IIpOTOHOB B npoueccax nII o6pasyeTCH B pe3yHbTUTe 
pacnMa Bos6yE.neHHoro ~a-ocTaTKa ("ncnapnTeHbHue npoToH11 11 ).CpeA
Hee 3Ha'<l:eHHe llMIIYHMOB IIpOTOHOB <P/= ~02 ± 8 MaB/c. 

.IlJIJI o6McHeHHR npoueccoB .lJJI IlllOHOB Ha ~ax llCil0Hb3yeTCH Hec
KOJibKO MeXaJm3MOB. 0~8.KO HlI O~H ll3 HllX He npeTe~eT Ha IlOJIHOe 
OllliCaIDie m.teKll\IDCCH 8KCnepm.1eHT8Jil,Hl1X AaHHl1X.TeM He MeHee,pacCMOT
peHHe STIDC MeXaIDI3MOB B8.llt!IO .rr,JIH oueHKH MaClllTa6a BeRllqnH Ce'<l:eHHil 
npOUeCCOB nII ll Bl16opa CX8Ml1 B3allMOAeHCTBHH,npllBO,ItiilllllX K nII IlllOHOB 
Ha ~ax. IlpoBeAeHHlle HaMR pacqeTl1 IIOKa311BaIDT, 'ITO OCHOBHOit BEHM 
(OKOJIO 70 %) B TOIIOJIOrll'l8CK08 Ce'!eHHe IlpOUeCCOB nrr BHOCllT "~yx
CTyneH'laTUH11 MeXaHH3M c norRomeHHeM lL!IH nepeaap~on Il-MesoaoB, 
o6pa3YJOlllHXCH Ha rrepBOli CTynetm,B a,nepHOM BemecTBe.Ha pnc.3 npHBe
A8HH ll3MepeHHl18 ll paccqnTaHHl18 ~@lep8HUH8Jil,HUe Ce'!eIDIH ¥/J~ Ir" 
M630HOB B 3aBllCllMOCTll OT IDC lIMnyHbCOB. KaJt ~o ll3 pllCYHKa,'COr
HaClle o6omc pacnpeAM8Hllli B U8ROM YAOMeTBOpMTeRbHOe. 

Ka.K ITOKa3HB8JOT npOB6A6HHl18 oueHKH,BKJIM ll306apHoro M8XaHll3-
Ma nII H83Ha'IHT8H8H ll COCTUBHReT JillillI, 90 ± 34 MK6H. C 8'l8Hll8 npo-· 
ueccon "ynpyroil" nII,KorAa o6pasyromneca n+ MesoHu yaocaT 6Mee 
90 % SHepr:im nepBll'IHllX Ir M880HOB,~~70 ± 28 MK6H. 

TpeTM rRaBa ,JtHCCepTauHH IIOCBameHa llCM8AOBaHHID llHMID3llBHOro 
o6pa30BaHHR aap.!DK8HHl1X IT MeSOHOB ll raMMa-KBaHTOB B IlllOH-yrRepOA
HillC COYAapeHHHX IIpll 5 raB/c. 

B § I 3TOH rRaBU nomepKllBa8TCH MOAOTBOpHOCTb llHMID3llBHOro 
M8TOAa llCM8AOBaHllH,llCilMb3yeMoro ,lT,JIH ll3Y'!8HllR npoueccOB MHOX8CT
B8HHOH reHepau:im '!aCTHU npll BUCOKllX aaeprruIX; OllllCHBaIOTCH OCHOBHHe 
I'llllOTe3u,nmpoKO liCilMb3yeM11e npn aHaJill38 AaHH11X;npllBO~TCH KpaT
Kllli o6sop SKCnepHMeHTaJlbHllX pa6oT no llCM8AOBailli!O HHKHID3llBHOro 06-
paSOBaHllH Ir" ll Ir Me80HOB ll raMMa-KBaHTOB B 8APOH~a,nepHI:lX B3all-
MOA8RCTBWU:. ' 
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IlpH HCCJieAOBarnm O,IUIO~aCTH'IHHX HHRJIJ03llBHHX pacnpeAeJiemdi 
t -RBaHTOB ,o6paayronnncca B IlllOH·ll:QOTOHHHX coyAape:mmx,H8MII 6WIO no
Ka3aHO, ~TO AH<IxiiepefilUiaJII,HHe ce~emIH d6'/tl,,1*n QeHTpMl>Hoil o6~aCTH 

fl 
( )I ::: 0 ) B npeAe~a.x aKcnepm.mHTaJII,HHX OIIlli60K COBIIMaJOT C AaHHhlMll 

1iP•B38HMoAe:i1cTnd npn aHeprIDIX 40 H IO0 raB. llirnapHaHTHaH CTPYKTYP
HaH qJyHKQHH B o6~aCTHX qiparMeHTaQHH HaJieTaI<ll\8li ~aCTHIU,l H MHmeHH 
B o6~acTH :meprll:i1 5-40 raB ~oHMHeT n npeAe.nax 5 % norpemHocTeii 
H038BHCHMOCTI, OT SH8prHH /6, / . • /8/ 

Il § 2 AaHHHe, llM~eHirue IIpH ll3~8HHH peaKQHH :rrc -'t + , , • 
npH 5 raB,conocTaBJimOTCH c peay~l>TaT8MII". llCCJI8AOBaHHH peaKQH:i1 
IrP - K + ••• IIpH Toil lKe aneprHH.KaK BH.IUIO H3 pHc. 4a,HopMKpo
BaHHLie CTPYKTYPHHe qlyHKQHH ti.-,., 1ff_... • IIpOIIHTerpllpOBaHHUe no e.2 

, 

~ "f -KB8HTOB ll3 o6emc perucrnm COBIIM8.IOT B QeHTpaJI!,HOH o6~aCTII 
( / ,'f*/.:;: 0,3) B IIp8AeJiaJC 8KCIIepHMeHTaJII,HUX OIIlli60K,T,e, He 3aBHCHT OT 
THITa MKmeHH.HopMKpOBaHHUe CTPYKTYPHI18 4JYHKQHH ~ a" -RBaHTOB B 
o6~aCTll qipaI'MeHTaQIIB MKmeHH 3aBllCHT OT THIIa Mliill8Hli (cM.pllc.46),Tor
Aa ItaK B o6~aCTll qiparMe_HTaQHH HaJieTrucmeii ~aCTHQU IIpO.IIBJLIIIOT He3a
BllCHMOCTI, OT TllIIa Mlllll8Hll (CM. pHc. 4B) ll _ OT 8Hepnm, 
RaK 6Wio rroKaaatto ~ f -RBaHTon H3 peam:nm ICP -- 'I + ••• 

TaIWM o6pa30M,OAHO~acTH'Il!Ue HHMID3HBHU8 pacnpeAe~eHHH rru.1Ma.-RB8H
TOB,06pa3yromnxca B IlllOH-yr~epOAffUX B3anMOAeHCTBIDIX,He 38BllCHT OT 
Tlilla MlimeHH (P ll C) n QeHTPaJil>Hoii o6~aCTll npll ::meprHmc 5 - IO0 
raB ll B o6~aCTll qiparMeHTaQHH HaJieTrucmen ~aCTlll:(H Ilpll 3H8p!'HHX 
5 - 40 raB. 3TO CBHA8TeJII,CTByeT O TOM,~TO o6paaonaHHe raMMa-RBaH
TOB B 8TIDC KllHeMaTll~eCKHX o6~aCTHX rrpoHMB:eT Ilp8AeJil,HOe llOBCAeHHe 
y-z_e IIpK 3H8prllll 5 fail, 

KaK BH,IUIO ll3 Ta6~HQH 2,cpeAHHe aHa~eHHH HMrry~I,COB raMMa
KBaHTOB B IIHOH-yr~epO,IUIUX B3aHMOA8HCTBHSIX H8CKMl,KO HlllKe,~eM B IIH
OH-npoTOHHUX B38.HMOA8HCTBIDIX, Ilpu STOM cpeAHHe norrepe~ue HMITY~I,
CH" 'I> raMMa-RBaHTOB' o6pa8Yll!\llJeCH B o6onx Tllllax B3aHMOA8HCTBHli B 
IIp8AeJiax 8KCllepHMeHTaJil,HUX OmK60K,COBIIMaIDT,T.e.rrpo.lIBJLIIIOT H838BH
CHMOCTI, OT Tuna MKmeHH. CpanHeHKe IDC C AaHHL!MK,IIM~8HHL!Mll npu 
40 raB,rroKa3UBaeT TaKlKe H83aBKCllMOCTI, ~'i > ll OT ::meprllll. 

C IIOMOUU,ID KllH8MaTH~ecKHX rrapaMeTpOB rarvlMa-RBaHTOB BH'IHCJI8HH 
COOTB8TCTBYJOll!He xapaKTepHCTllKll n°Me80HOB. IloKa8aHO,'iTO cpeAHHe 

sua~eHK.II HMrryJil,COB n° M830HOB, o6pa3YXIIIRXCH B llllOH-yr~epo~ma 
nsru,wo~ettcTBHHX npn 5 raIVc, 6~HSKR K cooTneTcTBYIOO!llM sua~eHWIM 
ID.UIY~l>COB sap.ftllteHHHX IlllOHOB. 
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R §J npHBOMTC.fl pesyJI:bTaTll HCCJie,IJ;OBaHWI IDIKJill3HBHOro o6pa-
30BaHRR Ir" H Ir MBBOHOB 113 pearu~HH IrC - JI'"+ • • • H ICC - Ir+ ••• 
H llpOBO}.\llTC.fl cpaBHeHHe HX C .IJ;allIIHMH llpli 60Jiee BblCOKHX 3Heprrunc/9/. 
B Ta6~e 2 llOKaBaHH cpe'AHHe 3Ha'!eHHR rumeMaTH'IBCRIDC napa.MeT
pOB STlIX -qacT~. 

Ta6~a 2. 
Cpe'AHHe sua-qemm HMIIYJI:bCOB -< P~ npo,n;OJI:bHoro < P,, > H nonepeti

Horo <P.1.> cocTaBJimOll!HX m.my;r1,coB rr+ II rr MesoHoB,06pasYJOll1lrxca 
B Il"1J B3aIIMO.IJ;BliCTBIDIX,H rru.1Ma-KBaHTOB,06paBYJOlllHXCR B Il-C HITT 
B3alIMO.IJ;BHCTBIDIX npli 5 faB/c. 

llMnyJI:bCl-1 ;r+ .,,.- 'If l{ 11'p 

<. 1B/c 858 ± 5 887 ± 7 430 ± 4 531 ± 9 

<: 1B/c 692 ± 6 704 ± 6 , 340 ± 3 476 ± 3 

<. rB/c 382 ± 2 322 ± 2 176 ± 2 172 ± 2 

~- ,B/c 526 ± 3 474 ± 2 236 ± 2 242 ± 3 

1B/it 0.201 ± 0.002 0.151 ± 0.002 0.059± 0.001 0.050± 0. 001 

Cpe'AHlle 3Ha'!eHWI nonepe'lffil-lX liMllyJI:bCOB llliOHOB R3 llliOH-yrJiepo,n;
HllX B3aIIMO,IJ;eHCTBllli ~3Kli K COOTBeTCTBYJ(mHM BHa'!eHIDIM ll3 llliOH-HYK
JIOHHl:lX B3aIIMO,n;eiicTmtit. B yrJIOBOM pacnpe,n;eJieHHR Il-Me30HOB o6HapYJKH
BaeTC.fl npo~eHRe ajxlleKTa ~ponamm IrMesoHoB,Ha6Jilll,lJ;aBmeroca pa
Hee rrpn 60Jiee BllCORIDC 3HeprIDIX,KaK B a,IUJOH-a,IUJOHHUX ,TaK H 8,Iij)OH
MePHUX B3aIIMO,IJ;ettcTBIDIX. 

Pacnpe,n;eJieHRe Hop.m:poBaHHHX 'Allqq>epeHil;liM:bHHX ce-qem rr+ n rr
MesoHOB B pa3HHX KHHeMaTRtieCKHX o6JiaCTJIX npo~eT CJie..nYDl1lie CBOtt
CTBa (CM.pllc.5a,6): 

a) \I>pa:rMeHTagIDI Ir B Ir" 6o.n:ee BepORTHa , '!eM Ir B Ir 
MesoHbl,'lTO MoxeT.61-1T:b cBHsaHo c rror;romemreM Me.IJ,)Iemrux rr MesoHoB 
B MepHoM BemecTBe.3TOT aqxl>eKT B o6;racTH cppa:rMeHT~ MliilleHll npo
~eTc.fl CHJI:bHee,'leM B o6iacTll cppa:rMeHT~ HMeTamiett tiaCT~. 
Ilo.n;o6Hoe pa3JilI'rn:e B o6pa30BaHllll aapJI.JKeHHHX ImOHOB Ha6Jilll,lJ;MOC:b Trut
xe rrpli 60Jiee BllCOKHX 3Heprrunc BO BBaRMO,IJ;eHCTBIDIX IT-M830HOB CM
paMH ueoua npn 10,5 raB,yr;repo.n;a npn 40 raB n BMYJI:bCRR npn 50 raB. 
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6) B o6;racm qiparMeHT~ MllllleHH ce-qeHRe o6pasonrurna n- Me -

30HOB B llliOH-yrJiepo,!UillX coy.n;apeHWJX 3HatinTeJI:bHO Bllille, '!eM B 3JieMeH
TapHUX aKTax llliOH-HYKJIOHHUX coy.n;ape:inrn. Ilo.n;o6Hlili aqq>eKT Ha6Jilll,lJ;MC.fl 
TaKJKe B YllOMJIHYTllX Bblllle lICCJie,IJ;OBaHIDIX ITliOH-MePHllX B3a:IDAO,IJ;elicTBIIH 
rrpn aaeprIDIX IO - 50 ran. TaKHM o6pasoM, HMe!Wllleca .n;aHHue cnu.n;eTeJI:b
cTBYJOT O 3Ha'lllTeJI:bHOM BJIIDilllm .ff,l(IJ8-Mmll8Hll Ha o6pa30BaIDie OTHOCllTeJI:b
HO M8.I1,)18HHl1X ITHOHOB ll llpOTlIBOpe'!aT HeKOTOpllM MO.IJ;8JI.fIM a,IUJOH-M8P-
HUX B3anMO,!J;8HCTBlIH,B KOTOpblX MexaHH3M o6pa30BaHHR '!aCTH~ B a,Jij)OH
M8PHHX B3aHMO,IJ;eHCTBJUlX u.n;eHTll'IBH o6paBOBaHlIID '!aCTIIIJ: B SJieMeHTap
HL!X aKTax 8,Iij)OH-HYKJIOHHUX B3aHMO,IJ;eilcTmrn. 

B) B o6JiaCTH qiparMeHT~ll HMeTaJCIIleH -qacT~Ll ce'!eHlle o6pa-
30BaHHR sapmKeHHHX ITHOHOB B rmon-yr;repO.n;HUX B3aHMO,n;eilcTBHJIX B npe
,IJ.eJiax ::mcrrepHMeHTM:bHUX rrorpemHOCTeH corJiacyeTC.lI C ,IJ.aHHLIMll,ITOJIY
'18HHLJMH BO B3aHMO,IJ.eilcTBHJIX llliOHOB C HYKJIOHaMH,MPaMR ,Il,0liTOHa ll neoHa 
npH 60Jiee BHCOKHX aneprIDIX. 

~eTBepTaE rJiaBa .I\llCCepT~ ITOCB.flm8Ha HCCJie,IJ.OBaHIIID nponeccoB 
MHoxecTBeHHoii reHep~ sapmKeHHux tiacT~ B rmoH-yrJieBO.IUIHX coy.n;a
peHRmc B 3aBHCllMOCTH OT '!HCJia y-qacTBYJ(llU{X HYKJIOHOB /I ,II/. 

Bo BB8,Il,8HHH ,Il,aH KpaTKHH o6sop OCHOBHHX 3KCTiepHMeHTaJI:bHHX 3aKO
HOM8pHOCT8H,YCTaHOBJieHHHX Ilpli HCCJie,IJ;OBaHllli npo~eCCOB MHOXBCTBeHHOH 
reHep~R tiaCT~ npn CTOJIKHOBeHHH 8,Iij)OHOB C MPaMR rrpH BllCOKlIX 3Hep
rrunc,a TaKJKe HeKOTOpllX TeopeTIItiecKIIX MO,IJ.eJieli,HCITOJI:b3Y8MillC .I1,)I.fl. lIX 
HHTepnpeT~. Ilo,IJ.tiepKHYTa ne;recoo6pasHocT:b asy-qeHHR nponeccoB a.n;
poH-MepHHX B3aHMO,IJ.elicTmrn: C Bll,Il,eJieHHeM 'lllCJia y-qaCTBYJ(lllllD( B HRX 
HYKJIOHOB Mpa.OTMe'!aeTCR,'lTO KOJIH'leCTBO ~KCnepHMeHTM:bHLlX pa60T B a~oil 
06JiaCTll 0'18H:b MMO. 

B § 2_STOH rJiaBll ITO,Il,p06HO OTilICblBaeTC.lI rrpo~e.n;ypa Bll,Il,eJiellliJl rro
,IJ.06HHX nponeccoB C ITOMOIJ1:bID BeJIHtrn:Hll 3JI8KTpll'l8CKOro saPMa <{ ,rre
peHOCIIMOrO OT HYKJIOHOB MPB B CHCTeMY BTOpll'IHHX -qacT~,paBHOil pas
HOCTH '!HCJia ITOJIOlltHTeJI:bHblX ll OTp~aTeJI:bHHX llliOHOB' T. e. 'I= a.,. - n._ . 
B 'IHCJIO ITOJIOlltHTeJI:bHHX ITHOHOB BKJIID'!BJOTCR TaKJKe BHCOK08HepreTH'!Hble 
rrpoTOHH •c llMIIYJI:bCOM P ~ 800 MaB/ c, KoTopHe no HOHHB~H HeB03MOlKHO 
OT.ID!:'IHT:b OT Ir" M080HOB. IloKa3aHO, 'ITO BKJia.D; llpOTOHOB B n,+ COCTaB
JIReT 20 %. 

B § 3 llpHBO,Il,.fITC.fl OCHOBHlle pesyJI:bTaTH HCCJie,IJ;OBaHH.fl rmon-yrJie
PO.IUIHX B8aHMO,n;ettcTBHH C BH,IJ;eJieHHeM '!HCJia ytiaCTBY!WlllX B HHX HYKJIO
HOB. Ilo.n;po6HO OllliCl.lBaeTC.fl -npo~ewa HaxOlK,l.(8HH.fl ITOJIHOrO 'lllCJia CO
y,n;apeHHil B MPe yr;repo.n;a N(ITC 1 ) ,KoTopoe onpe,n;eJIReTc.fl KaK CYMMa 
'lllCJia co6HTHii Ha KBasHcBo6o.n;HHX npoToHax N(IIP) n HeiiTpouax N(rrn-) 
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n co611Tlili c xapaKTepHHMR npn3HaKaMli R,I(epHoro B38llMOn;eiicTBIDI N (ITC). 
Ilo.eytieHHOe pacnpen;eJieHUe tIHCJia N (Ilcl2 ) coynapeHllli B 3aBllCll

MOCTll OT BeJIH'IHHH q npnBen;eHO Ha pnc.6.Bn.nHo,'ITO nOJIHOe 'IHCJIO coy
napemtli C YtiaCTHeM n;Byx ll 60Jiee JIYKllOHOB COCTaBJISieT He MeHee 17 % 
oT nOJIHoro tinCJia coynapeHllli B R,I(pe yr;repona (c Y'IeToM B3aHMon;eiicTBiili 
C KBa3llCB060J];HJ1Mll JIYKllOHaMH) .M,rnnMaJII,HOe 3Ha'IeHUe cetieHIDI rmon-yr
JiepOJ];HHX B3anMOJ];ellCTBHR C YtiaCTUeM 2-x n 60Jiee HYKJIOHOB COCTaBJIH-
eT 45,3 ± 3,4 M6H.Onpen;eJieHo MHHUMaJII>Hoe 'IHCJIO BHyTpHMepHHX coyna
peHUii B R,I(pe yr;repona: I,24 ± 0,09. 

Ha pnc. 7 npnBen;eHU cpeJJ:HUe" MHOJKeCTBeHHOCTll aapHXeHHHX ID!OHOB 
<./1.,~ > ll II- Me30HOB <.,Z,_ > B 3aBllCHMOCTll OT BeJill'IHHbl 'J, nQJIY'IeHHlle 

no ,UaHHllM npOCMOTpa ITJieHOK. KaK BlinHO,cpe,n;rum MHOlKeCTBeHHOCTI, uMe-
30HOB C pOCTOM. 'f CJierKa YMeH1,111aeTCH,Torna KaK opeJ];HHH MHOlKeCT
BeHHOCTI, W Me30HOB cymecTBeHHO B03pacTaeT. TaKoe rroBen;eHUe' 
MOlKHO o6I>HCHUTI, npoueccaMH rrorJIOUleHUH rr-Me30HOB B R,I(epHOM BeUleCTiie, 
a pocT 'IliCJia W Me30HOB CBH3aH C YBeJIH'IeHUeM KOJilitieCTBa npOTOHOB, 
y,:i:acTBYl{llJ1HX B rrpouecce. 

Ilo MaTepnaJiaM HacToHU1ero aKcrrepnMeHTa 6blJIH BH'IliCJieHll cpeJJ:HUe 
MHOJKeCTBeHHOCTU BTOpll'IHHX 3ap!DKeHHllX tiaCTHU < /1, > B ID!OH-JIYKllOH
HllX n IlliOH-yrJiepOJ];HHX coynapeHHHX,rrpntieM B noCJieJ];HeM CJIYtiae KaK C 
YtieTOM BR.Ilana B3aHMOJ];eiicTBHli Ha KBa3UCB060,JJ;HHX HYKJIOHax R,I(pa yrJie
pona ,TaK n des Y'IeTa nx. IloKa3aHO,'ITO <r,,.> B npe,ueJiax sKcnepn
MeHTaJII>HblX orun6oK COBilaJ];aJIJT c 60Jiee pammMU peayJII>TaTaMH,nOJiytieH
HHMli B .n;pyrnx SKCnepnMeHTax. CJienoBaTeJII,HO, MHOlKeCTBeHHOCTll BTOplltI-" 
HUX 'UlCTHU B 3aBllCliMOCTll OT 'IHCJia YtiaCTByxII\IDC B npoueccax HYRJIOHOB 
H,D;pa He co,uepJKaT Ka.KHX-JIH6o CllCTeMaTH'ICCKliX orun6oK. 

HsMepeHHue BeJIH'IHHll cpaBID!BaJIHCI, C pe3yJII>TaTaMll paqtieTOB no 
KaCita.nHO-ncnapnTeJII,HOR MOJ];eJIH.,IJ.rrH rrpoBen;eHUH 6oJiee KOppeKTHOro cpaB
HeHUH 6llJill Bb16pam. CJie,Jzyl(Jlllle llHTepBaJill no llMITYJII>CaM 'IaCTHU, B KOTOpHX 
npOBOWITCH llX HaJ];elKHaH nneHTll(pllltaulill: ,n;JIH Ir Me30HOB Prr-~ 60 MaB/c 
(MeHee SHeprH'IHUe rr-Me30HU MoryT 61,1TI, ourn6otIHO npHHHTll aa npoTOim), 
.n;JIH npoTOHOB 180 MaB/c ~ Pp ~ 600 MaB/c. Pe3yJII>TaT11 cpaBHeHUH 
npnBen;eHu B Ta6JIHUax 3 a n 6. 3n;ec1, no.u n,+ nonpaaYMeBaeTcH cpen
HHH MHOlKeCTBeHHOCTI, nneHTmpnunpOBaHHllX W Me30HOB H Bcex BHCOKO::mep
reTHtieCKHX (P+> 600 MaB/c) nOJIOlKHTeJipHO aapHXeHHllX tiacTnu.B noc
JieJ];HeM CTOJI6ue :KaJK,ZJ;oii TadJIHUu npHBe.n;eHH pacnpe.n;eJieHHH m1ou-yr;repo.n;
HHX co611Tnii (6e3 B3aHMO,JJ;eilcTBllli Ha KBa3llCB060J];HHX HYKJIOHax) Baa
BUCHMOCTll OT BeJIH'IHHll q" • 

KaK BU,JJ;HO,ll3MepeHHHe ll paCC'IUTamrue cpe,D;HUC MHOJKeCTBeHHOCTll 
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rr- ll W Me30HOB B 3aBHCllMOCTll OT BeJIH'IllH!l q B npe,ueJiax OKCnepn
MeHTaJII,HHX norpemuocTeii COBnanaIOT .n;pyr C .n;pyroM,a ,n;JIH llpOTOHOB MO.
.n;eJII, .n;aeT ueCKOJIJ,KQ 3aBllIDeHHHe 3HatieHUH. 1IuCJIO D38.llMO,UeiicTBnii C 
YtiaCTlleM zX u 60Jiee HYRJIOHOD,ITOJiytiaeMHX no MO,JJ;eJIH,COCTaBJIHeT 
36,4 ± 0,4 %,Torna mm SKcnepm,ienTaJIJ,Hoe sHatieHUe - 40,4 ± 0,5 % 
OT IlOJIHOro 'IUCJia ID!OH-yrJiepOJ];HHX B3aHMOJ];eiicTBHii (6e3 YtieTa B3aHMO
.n;eiicTBllli Ha KBa3HCB060,JJ;HHX HYRJIOHax). 

IJ% 

1/0 
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Ta6.mma 3 Ali E. 
Pacrrpe,IJ;eJieime ICC coch,rTIDi (des Y'IeTa BSaJiMO,IJ;eflcTBHit Ha KBa

SliCBodo,IJ;Imx HYKJIOHax) /I B 3aBHCliMOCTli OT BeJ!litJliHll q li cpe,ll;
Ime MHOlK0CTB0HHOCTli sap~eHHIDC '!aCT.l:!IJ; B 3TliX codHTIDIX. 

A. 3KCIIepliMeHT 

q <11.,_> <ft.+> </t.r> <It,/>> /ti,¾ 
---- - --
- 3 3_53±0.12 0.53±0.IO 4.I5±0.I6 2.00±0.17 0.4±0.1 
- 2 2.49±o.03 0.49±0.03 2.98±o.04 r.54±0.06 4.2±0.6 
- I r.94±0.or 0.86±0.02 2.ao±o.02 r.33±0.02 17.6±0.8 

0 r.50±0.or r.53±0.01 3.03±0.0I r.01±0.01 37.a±o.5 
1 r.30±0.01 2.rn±o.02 3.48±0.02 0.74±0.02 27.6±0.3 
2 r.08±0.03 3.oa±o.02 4.16±0.04 0.86±0.03 9.2±0.2 
3 0.95±0.04 3.95±0.05 4.90±0.06 0.76±0.04 2.7±0.1 
4 o.70±0.ro 4.57±o.I8 5.27±0.21 0.79±0.13 0.50±0.04 

trnrN,117.1. 1.24±0.or 2.61±0.01 3.85±o.OI o.78±0.01 40.4±0.5 
.,,-c r.50±0.or r.79±0.01 3.29±0.0I r.00±0.01 ~00. 

~. 

E.¥0,IJ;eJII> 
-

'I <11,,_> <It,+> <IZ,;t> <IZ-p> ~% 

- 3 ~-49±0.12 0.4a±O.IO 3.97±o.I6 3.23±0.17 0.3±0.1 
- 2 2.64±o.03 0.64±o.03 3.28±o.04 2.43±0.06 5.7±o.6 
- 1 I.96±0.01 r.08±0.o1 3.04±0.02 I.86±0.02 22.5±0.6 

0 r.57±0.01 I.69±0.01 3.26±o.OI r.4a±o.01 35.4±0.4 
1 r.37±0.01 2_34±0.02 3.7I±o.02 0.96±0.02 27.6±0.3 
2 r.n±o.03 3.rr±o.03 4.22±0.04 o.n±o.03 7.3±0.2 
3 0.82±0.04 3,82±0.05 4.64±0.06 0,45±0.04 r.1±0.1 
4 0.68±0.ro ' + 4.65-0.18 5,33±0.21 0.50±0.13 o.ro±o.03 

r111Al,mi4 r.3o±o.01 2.54±0.01 3.84±o.or 0.91±0.04 36.4±0.45 
£CC 1,69±0.0I I.79±0.0I 3.45±o.OI r.41±0.01 IOO. 
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Il 3aKJil(Jtlemm Cqio!)MYJ!lipOBaiill OCHOBirne pesyJII>TaTH ,ll;liCCepTan,m. 
I) ,lJ.nH npoBe,IJ;eHWI CliCTeMaTli'I0CKliX llCCJie,IJ;OBaHliit IlliOH-H,Il;epHHX 

B3allMO,IJ;eitCTBllit c IlOMOIIU,ID 200-JIRTpOBOH nponaH--<ppeOHOBOH nysupI>KOBOfi 
KaMepu (IIK-200) JliilI Ol1.ffi! dHJIO IIOJ!Y'I0HO CBHllle 300 TUC.fl'! CTepeoqioTO
rpaqiuit Ha ny'!Ke Jr M030HOB O liMnyJI~COM 5 raB/c CliHXpoq>asoTpOHa 
JIB3 mum:. 

2) BurrOJIHeH 3Ha'IUTeJII,Huil: odI>eM M0TO,ll;li'I0CKliX llCCJie,IJ;OBanliii li pas
padOTOK,BKJIID'IaJI: 

a) orrpe,n;eJieHUe KOHCTaHT OllTH'IeCKOfi CliCTeMH ycTaHOBllli ill{-200 
IIpli sanOJIHemm ee rrponaH--<ppeOHOBOH CM0CI>ID; 

6) IlOJIY1!0HUe dOJII>moro 3KCII0pnM0HTaJII,HOro MaTepliaJia: II TU
C.fl'! CJ!Y1IaeB IlliOH-yI'JiepO,ll;HHX B3allMO,IJ;eii:cTBHfi B pesyJII>TaTe IIpOCMOTpa 
45 THCJI'I cTepeoqioTorpalJll,lil; 

B) C03,IJ;aHHe KOMIIJieKca rrporpaMM Ha 3IWI CDC 1604 ,JJ,JHI odpadoT
Kli OTOdpaHHHX CJ!Y1IaeB IlllOH-yrJiepo,IJ;HHX B3allMO,IJ;eii:cTBRil; 

r) M0TO,ll;liKY odpadOTKH codUTlifi C raMMa-KBaHTaMU C Y1!0TOM crre
W!IJll,l'I0CKllX ocodeHHOCTeii: 3RCrrepIDl!eHTa •. 

3) HcCJie,IJ;OBaHll rrpoueccu ,IJ;BoitHoii nepesap!I,IUOi ()]JI) oTp.1:IIJ;aTeJII>
HHX IlliOHOB Ha H,Il;pax yrJiepo.D;a;rrOJ!y'leHHue rrpn 3TOM pesyJII>TaTll RBJI.lllOT
CR O,ll;HliMll ll3 .IJ;Byx ll3B0CTHUX B HaCTOffill00 BpeMR B odJiaCTli 3Heprliii 
CBHllle 0,5 raB; 

a) orrpe,n;eJieHo TOIIOJiorntJecRoe cetJeime rrpoueccoB )]JI 
o;.on.= 3.4 ± 0,4 MdH; nsMepeHo cetJeHUe npoueccoB )]JI des odpasoBa

HWI Ir° MeSOHOB ~ = I, 25 ± 0,45 MdH,a TruoKe "yrrpyroit" )]JI,Itor,IJ;a lYMe
soH YifOCllT dOJiee 90 % 3Heprllli rrepBll'IHOr·o Ir M030Ha, b "yrrp i, = 
70 ± 28 MKciH; . • 

6) .rrpOBe,IJ;eHO cpaBHeHlle IIOJ!Y1!0HHllX ,n;amm:x C pactJeTaMU ITO 
",IJ;ByxcTyneHtJaTOMY" M0XaHli3MY; YCTaHOBJieHO, 'ITO BKJ!a,IJ; 3TOro Mexamrn
Ma COCTaBJIReT OCHOBHYID ,Il;OJIID (2,2 MdH) 3KCIIepliMeHTaJII,HOii: BeJ!li'IUilli 

6;,o,z..; 
B) nsMepeHo yrJioBoe pacrrpe,n;eJie:ime lYMe30HOB,odpasYJOII1HXCJI B 

rrpoueccax: JJJI,n IIOKa3aHO,~TO JY Me30H11 BWieTaIDT IIp0JlMYIIl0CTB0HHO 
Brrepe,n;. 

4) HsMepeH11 illlllapHaHTHlle ,ll;ll!M>epeHW1aJII>HHe cetJeiirul odpaSOBaHllR 
3ap.llllteHHHX IlllOHOB /77 { "6, PJ.) li raMMa-KBaHTOB l.,(.r:12.)B rrc B3allMO

:,n;eficTBIDIX rrpu 5 raB n YCTaHOBJieHO,'ITO: 
a) B ueHTPBJII>HOit odJiaCTli BeJIUtJliHll {{y~ P_;) ,H3MepeHHHe Ha 

yrJiepo,IJ;Hoil n rrpoTOHHoii: MllilleHRX,B rrpe,n;eJiax aKcrrepRMeHTaJII>HUX norperu
HocTefi c6Brra,n;aIOT,'ITO corJiacyeTcR c pesyJII,TaTaMR,IIOJ!Y'IeHHHMll rrpn 

CYllleCTBeHHO doJiee BUCOROH aHeprlili 40 raB; 
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6) B o6JiaCTll qiparr11eHTaQllli MllilleHll suatremm /..,. {P,,, PJ:) H 

/6 (fl,, P;) saMeTHo npeBocxo,IVIT 3HatreHWI sTHX BeJIH'lliH .rr,mI 

II JI nsamllo,neiicTBnil, Tor,na mm B o6JiacTn qipaTilleHTaQllli naneTaKl!leii 

tracT.imu no,no6Hofi sami:cHMocTll He Ha6JIIQIJ;aeTcH.3To corJiacyeTCH c pe
syJihTaTar.rn llCCJie,D;OBaHliH B3ru!MO,neiicTBl1ii IDWHOB C H,Iij)a.Mll HeoHa,yr

Jiepo,na n 31.lYJihC!ill npn :rneprnHX COOTBeTCTBeHHO 10; 40;50 rsB. 
5) IlpoBe,neHo ncCJie,noBamie npoueccoB MHO)KeCTBeHHofi reHepau;im 

sapaxeHHUX traCTlln B Ire I 2 B3ru!MO,neiicTBliHX B 3aBllCliMOCTll OT tIUCJia 

ytraCTBynilIDC BHyTpllH,ll;epHUX HYKJIOHOB 11 
" 

11
: 

a) noJiytreHH pacnpe,neJieIDIB 3TliX B3ru!MO,nefiCTBl1ii no BeJili'lli-
He ,J ll 113Mepe!IH cpe,nmrn MHOlfteCTBeHHOCTII sapaxeHHHX traCTlln B 3aBIICII

MOCTII OT V ; 
6) Hsr.mpeno cetreHHe IlliOH-yrJiepo.n;nux B3aHMO,neilcTBliii c ytracTn

eM He MeHee ,D;Byx HyroIOHOB 45,3 ± 3,4 M6H n oueHeHo MlllilIMaJII,HOe 

trucJio BHYTPHH.nepnux coy,napennii r,24± o,09; 
B) npoBe,neHo cpaBHeHHe aRcrrepHMeHTaJihlillX pesyJihTaToB c pac

treTaMfi no Racn:a.n;no-ncnapnTeJihHoii Mo.neJm; nomrnano, 'ITO MO,ll;eJih B ue
JIOM Y.ll:OBJieTBOPllTeJII,HO OIIliCUBaeT sn:cnepliMeHTaJII,HHe ,ll;aHHHe no MHOlK8CT

BeHHOCTU sap.lL'KeHHHX IlliOHOB. 
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