
OB'bE~HHEHHYA '1HCT'1TYT H~EPHYX '1CCJIE,l\OBAH'1A 

n (JOS" 
Y ,llK. 539. 12+539. 14 

1-89-456 

nmoTA flH 

nPOUECCbl 

MHOmECTBEHHOro POm,llEH~fl n~OHOB 

~ ~cnYCKAH~fl HYKflOHOB 

B CTOflKHOBEH~flX A,llPOHOB ~ fl,llEP C fl,llPAM~ 

nP~ 3HEPr~flX 3 +40 r3B 

Cne4~anbHOCTb: 01.04.01 - 3KCnep~MeHTaflbHa~ ~~3~Ka, 

ABTOpe¢epaT AHCCepTaUHH Ha COHCKaHHe yqeHOH 
CTeneHH AOKTOpa ¢H3HKO-MaTeMaTHqeCKHX HayK 

lly6Ha 1989 



PaOOTII BblllOnHeHa B JlaOopaTOPHH BUCOKHX 3H8Pr'HH 

OO~eaHH8HH0['0 HHCTHTYTa RaepHUX HccneaoeaHHH. 

OPHUHAJlbHblE onnoHEHTul: 

aoKTOP 4'H3HKO-MaTiilMaTl1'18CKHX HaVK, 

npo4>eccop 

aoKTOP ,i,H3HKO-MaTii1MaTl1'18CKHX HaVK, 

npO¢>eCCOP 

aoKTOP ,i,H3HKO-MaTiilMaTl1'18Cl<HX HaVI<, 

C'T'!lPIIIHH HaV'iHUH COTPVaHHI< 

XAYATVPS!H 

HapneH HapHOeeBH'i 

cll115lrHH 

BnaaHMHP 6oPHCOBH'1 

WAEEJlhCKl-l't 

~nHH He'iHCnaaOBH'i 

Beavwee HBV'iHO-HccneaoaaTitnbcKoe V'iP&lltlleHHe - HaV'1Ho­

'HccneaoaaT1tnbc1<HH HHCTHTVT Ra•PHOH ,i,H3HKH HOCl<OBCKOr'O 

rocvaapcTBeHHOr'O VHHB&PCHTiilTa, 

3alJ!HTa aHCC&PTaUHH COCTOHTCR ___________ 1989 roaa 

is __ "!acois Ha :,aceaaHHH cneuHanH:,Hpoeattttoro coee-ra A-047.01.02 

npH IlaOopaTOPHH ISUCOl<HX 3H9Pr'HA oo~eaHH8HHOr'O HHCTHTYTa RaepHux 

HCCneaoisaHHA, r. tlVoHa Hocl<OISCl<OA oonacTH, JlaOopaTOPHR l!IUCOl<HX 

3H9Pr'HA, KOH¢>9P&HU-:Jan. 

C aHCC&PTaLIH9A MOllCHO 03HaKOMHTbCR IS OHOnHOTiilKlt 1183 OHffii. 

AISTOP8¢>9PaT pa:,ocnaH ___________ _ 1989 roaa. 

V'19HUH ce1<peTaPb cne1.111anH3HPOl!laHHO['O COB8Ta 

~ H.cll. 11Hxa'ieis 

I 

AKTYAJibHOCib TEHbl 

npoueccu MHO~ecTBeHHOH reHepauHH 'iaCTHLI B CTOnKHOBeHHRX penSITH­

BHCTCKHX aapoHOB H Raep C RapaMH f!BnRIOTCR npeaMeTOM HHTeHCHBHblX 

HccneaoeaHHH Ha npoTR-HHH MHorHx neT. Hccneaoea-reneH nPHBneKaeT 

HaeR HCnOnb30BaTb BHVTPHRaepHVJO cpeav B Ka'ieCTBe MHKPOCKOnH'18Cl<Or'O 

aeTeKTOpa C pa:,pemeHHeM, cpaBHHMUM C paaHVCOM aeHCTBHR CHnbHblX 

B3aHMoaeHCTBHH. OnUT HccneaoeaHHH aaPOHHblX CTOnKHOB8HHH no1<a3an, '!TO 

anR noHHMaHHR M8XaHH3MOB MH0~8CTB8HHOH reHePaUHH HeaocTaTO"!Ho 

pacnonaraTb nHmb TOnbKO aaHHUMH O xapaKTePHCTHKax l<OH8"1HblX npoaV1<TOB 

B3aHHOaeHCTBHR. 11Ho~eCTB8HH08 POl!tll8HH8 "!aCTHLI paCCMaTPHBaeTCR 

no3TOMV Kai< npoue<::c , xapaKTePHCTHKH l<OTOPOr'O RBnRIOTCR npeaMeTOH 

aHanH3a. CoBP8M8HHNe npeacTaBneHHR O l<BaPl<OBOH CTPYl<TVP8 aaPOHOB H 

CBOHCTBax CHnbHblX B3aHMOaeHCTBHH noaTBeP~aJOT uenecooopa:,HocTb 

TaKOr'O noaxoaa. Bonpoc anHHN H BP8M8HH ¢>0PMHPOBaHHR, CBOHCTBa 

npoueccoe aapoHH3aUHH H B3aHMOaeHcTBHA 1<Bap1<0B Ha oonbllIHX paccTO­

RHHRx, npttpoaa l<OH,i,aHHM8HTa - 3TO nPOOneMN,HM810111H8 nPRMY!O CBR3b C 

pa3BHTH8M npoueccOB MH0~8CTB8HH0['0 POl!tll8HHR. 

l!nR H3Y"!8HHR npocTPaHCTB8HHO-BP8M8HHblX xapa1<TePHCT111< npoueccoB 

MH0~8CTB8HHOr'O 06Pa30BaHHR "!aCTHU npoeoaHTCR aHanH3 T.H,' HHTep¢,8pett-

UHOHHblX 1<oppenRUHfL noeeaeHHe aBVX"!aCTH"IHOH 1<oppenRL1HOHHOH -i>VHKUHH 

TOlltll8CTB8HHblX "!aCTHU B oonac-rn ManblX OTHOCHTenbHblX HHnYnbCOB 3aBHCHT 

OT npocTPaHCTB8HHO-BP8M8HHOr'O pacnpeaeneHHR H3nY"!alOIIIHX 3TH "!aCTHUN 

HCTO"IHHl<OB. S1<cnepHM8HTanbHNe HccneaoBaHHR HHTep¢,epeHI.IHOHHblX 1<oppe­

nRUHH npoeoaSITCR HHTeHCHBHO anR BCex, npa1<T11"18CKH, THnOB B3aHMO-
+ -aeHCTBHH OT e e -aHHHr'HnRUHH ao RaPo-RaePHblX CTOnl<HOBeHHH. 

nonY"!aeMaR HH¢>0PMaUHR paCKPNBaeT HOBN8 CBOHCTBa H3Y"!a8MblX npoueccoe. 

nocneaHH8 pe:,ynbTaTl,I 3KcnepHMeHTa NA35 (CERN), B l<OTOPOM HaOn10aanHCb 

aHoManbHo Oonb111He nonepe"!HNe pa3Mepu oonac-rn reHePaUHH nHoHoB, ao 
CHX nop He HamnH vaoeneTBOPHTenbHOr'O 06bRCH8HHR. HeH3BeCTHO Tai<-, B 

1<a1<0H Mepe HaOn10aaeMNe 3,i,,i,el(Tl,I RBnRIOTCR HOBNH CBOHCTBOM, xapaKTePHNH 

anR caMblX BNCOl<HX 3H8Pr'HH CTanl<HBalOIIIHXCR Raap. CornacHO cymeCTBVIOIIIHM 

npeacTaBn8HHRM HHTep,i,epeHUHOHHNe RBneHHR coaep-T HH¢>0PMaUHD O CBR3H 

['80M8TPH"!ecl<HX H aHHaMH"!eCKHX -i>aKTOP0B, onpeaenRIOIIIHX P~3BHTl18 np0-

uecca B3aH110aeHcTBHR. HeooxoaHMO npoaon~eHHe 1<aK 3KCn8PHM8HTanbHblX, 

Tai< H TeOP8TH"!eCKHX HCCneaoeaHHH. 8 aHCCePTaUHH MHOr'O BHHMaHHR 

vaenReTCR H3Y"!8HHD 1<oppenRUHH TOlltllecTBeHHblX aapoHOB anR nonY"!8HHR 

aaHHblX O npoeTPaHCTB8HHO-BP8M8HHblX H aHHaMH"!8Cl<HX xapa1<TePHCTH1<ax 

HccneayeMblX npoueccoe. 
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HapRaY c H3Y'!eHHeH npoueccos o6pa3oBaHHR yacn1u paccHaTPH­

sal<YJ'CR TaK*e sonpocu nepeaaYH 3HePrHH RaPy-HHmeHH H B036~eHHR 

RaepHOH HaTePHH; onpeaenReTCR TOPM03HaR cnoco6HOCTb Raep H o6c~a-

l<YJ'CR nPH3HaKH yc-raHoBneHHR TePHOaHHaHHYeCKoro paBHOBeCHR. ITpH 

3HeprHRX B HeCKOnbKO r3B Ha HYJ<nOH npouecc TOPHO*eHHR HO*eT nPHBeCTH 

K OCTaHOBK8 c-ranKHBaIOIIlHXCR Raap H C03aaHHID CHnbHO B036~SHHOU 

HaTePHH C 60nbmOH nnOTHOCTbID <5aPHOHOB. B o6nacTH caMblX BNCOKHX 

3HSPrHH HaH60nee BonH~IIIHH BonpocoH RBnReTCR co3aaHHS ycnoBHH anR 

OCYIIISCTBn8HHR ¢>a.30BOro nepexoaa RaePHOH HaTePHH B COCTORHHe KBaPK-

rnIOOHHOH nna3H1,1. .llnR 3TOro Heo<SxoaHHo sunonHeHHe onpeaeneHHIIIX 

ycnOBHH, Kacarol!IHXCR TeHllePaTYPN H nnOTHOCTH RaepHOH 

ECTeCTBeHHOe, Ha nePBUH B3rnRa, CTP9HnSHHe K caHUH BNCOKHH 

HaTePHH. 

3H9Pr'HRH 

HaH<Sonee TR*enux Raap He05R3aTenbHO RBnReTCR nY'!mHH cnoco5oH aocTH-

*SHHR OJKHaaeMblX P83YnbTaTOB. Ha5nroaaeHaR 3KcnepHH8HTanbHO npo3pay-

HOCTb Raep anR ynbTPapenSITHBHCTCKHX CHaPRaOB noacKa31cmaeT, YTO 

aonllCHa CYIIISCTBOBaTb onTHHanbHaR 3HeprHR anR co3aaHHR TP96YSMblX 

ycnOBHH. flPOBOaHHl:18 B ,lly(5He HCCneaoBaHHR noKa3blBaJOT, YT0 HeKOTOPN8 

aCHHilTOTHYSCKHe CBOHCTBa RaePHIIIX B3aHMOaeHCTBHH aocTHral<YJ'CR ~e nPH 

3HePrHRX B HeCKOnbKO r3B Ha HYJ<nOH. 8 aHCC8PTaUHH 

BOnPOCN TOPMO*GHHR H OCTaHOBKH YaCTHU B Rape-HHmeHH, 

paccHaTPHBal<YJ'CR 

aal<YJ'CR OU9HKH 

TeH118PaTYPN H3nY'!aIDIIIHX YaCTHUU HCTOYHHKOB, onpeaenReTCR 

RaePHOH HaTePHH B Rapo-RaePHIIIX CTOnKHOBeHHRX. 

nnoTHOCTb 

B nocneaHee BPeHR YacTO paccHaTPHBal<YJ'CR RtlPO-RaePHNe 

aeHCTBHR KaK cno*eHHe HHOrHx aapoH-RaePHIIIX CTOnKHOB9HHH. 3TOT 

B3aHMO­

npoc-

TOH noaxoa xopomo onHc1,1Ba8T HHOrHe xapaKTePHCTHKH BTOPHYHIIIX YaCTHU B 

mHPOKOH aHana3oHe 3HeprHH c-ranKHBaIDIIIHXCR 

HeKoTOpNe pe3ynb-raTU npOTHBOP9YaT 3TOH 

Raep. C 

npoc-ron 

apyron 

KaPTHH8 

C'T'OPOHN, ! 

B3aHMO-

aeHCTBHR. Bo3HHKaeT sonpcc: B KaKHX ycnOBHRX noRBnRl<YJ'CR HOBNe 

csoncTBa HccneayeHoro npouecca? ·. ltnR nposeaeHHR ae-ranbHoro aHanH3a 

uenecoo6pa3Ho pacnonaraTb aaHHblMl-1 no aaPott-RaepHUH cTOnKHOBeHHRH, B 

KOTOPIIIX npHuenbHUH napaHGTP H8HR8TCR KOHTPOnHpyeHUH 05Pa30H. 

aHanH3 nposoaHTCR B aHCC8PTaUHH. 

OCHOBHblE UE.Jil1 PAEOThl 

TaKOH 

1. nposeaeHHe 3KcnePHHeHTanbHIIIX HccneaosaHHH, s KOTOPIIIX xapaK­

TePHCTHKH BTOPHYHIIIX YaCTHU H3Y"lal<YJ'CR B 3aBHCHHOCTH OT nepeHeHHOH, 

onpeaenRromen c-reneHb ueHTPanbHOCTH aapott-RaePHoro c-ronKHOBeHHR. 

2. 3KcnepHHeH-ranbHoe suaeneHHe aapoH-RaePHIIIX B3aHHOaeHCTBHH, 

B KOTOPIIIX Hane-raromaR YaCTHUa TePReT B Rape-HHmeHH CBOID 3H9PrHro, npH-

YSH He Ha6nroaaeTCR 06Pa30BaHH8 BTOPHYHIIIX YaCTHU, a npOHCxoaHT TOnbKO 

3MHCCHR HYJ<noHoB. TaKHH cnoco6oH pa3aenRl<YJ'CR npoueccu HH0*9CTB8HHOH 
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reHePaUHH H npoueccN HcnycKaHHR HYJ<nOHOB. AHanH3 nposoaHTCR B 

3aBHCHHOC"nf OT c-reneHH'UeHTPanbHOCTH c-ronKHOB8HHR. 

3. H3yYeHHe npocTPaHCTB8HH0;-BP8HeHHIIIX xaPaKTePHCTHK npoueccos 

o5pa30BaHHR yac-rnu H HcnycKaHHR HYJ<nOHOB B CTOnKHOB8HHRX 5NCTPIIIX 

aaPOHOB H Raep C RaPaHH. ltnR 3TOH uenH nPHH8HR8TCR HeTOa KOPPGnRUHH 

TO~ecTBSHHIIIX aaPOHOB, HcnycKaeMblX C <5nH3KHHH HHrtynbcaHH. H3yYalOTCR 

KOPPSnRUHH nHOHOB H nPOTOHOB anR npeacTaBHTenbHOro Ha(5opa Raap 

HHmeHH <1 H, 12C, 131 Xe, 181Ta>. H CHapRaOB <n - , P, d, a, 
12

C>. 

4. nposeaeHH8 COBH8CTHOrO aHanH3a nonyYeHHIIIX pe3ynbTaTOB H 

aoCTYf!HIIIX nwrepaTYPHIIIX aaHHl:IX. LteTanbHO aHanH3HPY8TCR 3aBHCHMOCTb OT 

HaCCOBoro YHcna RaPa-HHmeHH, a TaK*e ntna H 3H8PrHH 

CHaPRaa. 

Hane-raromero 

6. Haxo~eHH8 05mHX 3aKOHOH8PHOCTeH npoueccos HH0*8CTB8HHOrO 

po~eHHR nHOHOB H HcnycKaHHR HYJ<nOHOB Ha OCHOBe nposeaeHHOro aHanH3a 

3KCnePHH8HTanbHIIIX aaHHIIIX .. 

HOB!,13HA PAEOThl H HAY'-IHASI 3HA'-ll1!10CTb - - .. -

1. nonyYeHN 06mHP.HN8 aaHHNe O xaPaKTePHCTHKax BTOPHYHIIIX yac-rnu, 

HcnycKaeHIIIX BO B3aHMOaeHCTBHRX fl -He30HOB C RapaHH KC8HOHa 

3.6 r3B/C. H3yY8HN HH0*8CTB8HHOCTH yacTHU B n-Xe B3aHMOaeHCTBHRX 

HHrtYnbcax <2.34 - 9.0> r3B/c. 

nPH 

npH 

2. Bnepsue noapo6HO H3yY8HN xaPaKTePHCTHKH n°-He30HOB B 

CHHOCTH OT c-reneHH ueHTPanbHOCTH aaPoH-RaePHoro CTOnKHOB8HHR, 

paR CBR3aHa C YHcnoH HCnymeHHIIIX nPOTOHOB. 

3. BnePBN8 B1,1.lleneHN 3KcnepHH8HTanbHO H npoaHanH3Hp0BaHN 

3aBH­

KOTO-

B3aHMO-

aeHCTBHR penRTHBHCTCKHX nHOHOB C RaPaHH, B KOTOPIIIX He Ha<SnroaaeTCR 

Q(5pa3oBaHHR BTOPHYHIIIX YaCTHU, a -ronb~O HCnycKaHHe HYJ<nOHOB. ITOKa3a-

HO, YTO npouecc TOPH0*8HHR aaPoHa B RaePHOH HaTePHH xapaKTePH3yGT 

3aBHCHHOCTb nma "npo6er-3HeprHR", a npH HHrtYnbcax B H8CKOnbKO r38/C 

B03HOJICHa OCTaHOBKa Hane-ra10Wero aaPoHa B Rape-Hfflll0HH. 

4. ITOKa3aHo, YTO B n-Xe cTOnKHOBeHHRX nPH 3.6 r38/C Ha5moaal7I"CR 

asa THna HCTOYHHKOB BTOPHYHIIIX nHOHOB, KOTOPNe xapaKT8PH3YIDTCR pa3Hl,I­

HH 3HaYeHHRHH TeHrt8PaTYPbl. 

6. Bnepsue onpeaeneHN pa3MGPN o5nac-m HcnycKaHHR 

nHOHOB HeTOaOH aHanH3a HH'l'eP~PeHUHOHHIIIX KOPpenRUHH. 

6. OnpeaeneHN pa3H8PN o<Snac-m HcnycKaHHR npoTOHOB 

ntnax aapott-RaepHl:IX H Rapc,-RaePHl:IX peaKUHH: n-- Xe npH 

(p, d, a, C>-C nPH 4.2 r3B/C Ha HYJ<nOH, p-Ta npH 10 r3B/C. 

HGHTPanbHIIIX 

B pa3HIIIX 

3.6 r3B/C, 

7. Bnepsue noKa3aHO, YTO pa3H8PN o6nac-m ¢0PHHPOBaHHR aaPOHHIIIX 

CTPYl'l B HRrKHX aapott-aapoHHIIIX H aapott-RaePHIIIX B3aHHOaeHCTBHRX cosna-
+ -

aaJOT c pa3HepaMH,-nonyYeHHNHH anR npoueccos e e -aHHHrHnRUHH. 
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8. OnpeaeneHN pa3HePN H ¢,OpHa oe5nacTH HcnycKaHHR n -He30HOB B 

ueHTPanbHNX ~2C-OJ CTOJIKH0B8HHRX npH 3.66 A· r3B. nonY'i8HN aaHHNe anR 

pa3HNX HHTePBanos 6NCTPOTHOro pacnpeaeneHHR nHOHOB. noKa3aHo, 'iTO 

nonY'i9HHNe pe3ynbTa'n,I Ka'ieCTBeHHO OTnH'iaIOTCR OT aHanorH'iHNX aaHHNX 

npH 3HeprHH 200 A r3B. 

9. Co3aaHa KOHnneKCHaR CHCTeHa 06Pa60TKH 3KCnePHMeHTanbHNX 

aaHHNX, 3aperHCTPHPOBaHHNX Ha CHHHKax 180-nHTPOBOA KCeHOHOBOA nY3upb­

KOBOR KaMePN HT9cII. 

10. Pa3Pa6oTaH HeTOa onpeaeneHHR pa3MePOB Oe5naCTH HcnycKaHHR 

npoTOHOB no aHanH3Y asvx'iaCTH'iHNX KOppenRUHH C yqeTOM ycnoeHR 

3KCnePHM9HTa. 

nPAJ<TI-1'€C!<~ UEHHOCib PAEO'Ibl 

1. nonY'ieHN ae-ranbHNe aaHHNe o xapaKTePHCTHKax 

o6pa30BaHHNX B aapoH-RaepHNX B3aHHOaeACTBHRX npH 

HeCKOnbKO r38/C. TeH caHNM nonY'ieHa HH¢,OPHaUHR, TPYaHo 

nOHOWb~ apyrHx 3KCnepHHeHTanbHNX yc-raHOBOK. Ee HOll(HO 

n°-Me30HOB, 

HHnYnbcax B 

aocTYITHaR c 

B ,c:ianbHeAmeH 

HCnOnb30BaTb KaK anR npoBePKH HoaeneR HHO*eCTB8HHOA reHePaUHH 

'iaCTHU, TaK H anR nPHKnaaHNX nPHMeHeHHR npH nnaHHPOBaHHH 3KcnePHMeH~ 

TOB C perHCTPauHeR HeA-rpanbHNX nHOHOB. nonY'ieHHIDI 

HaTePHan Hcnonb3YeTCR e aanbHeRIIIHx HccneaosaHHRx. 

3KCnepHHeHTanbHNl't 

2. noKa3aHO, 'iTO HHO*eCTBeHHOCTb BTOPH'iHNX npoTOHOB, HcnycKa~ 

HNx C HHnYnbcaHH C 0.2 + 0.7 ) r38/c B aapoH-RaePHNX CTOnKHOBeHHRX, 

o-rpa:icaeT C XOPOIIIHM nptte5nH*eHHeH "'TOnllJHHY" RaepHOA HaTePHH Ha nYTH 
Hane-ra10111ero aaPoHa e Rape. TaKHM oe5pa3oH, RaPo-HHmeHb HOll(Ho pac-, 

CHaTPHBaTb KaK cnoR RaepHOR HaTePHH, HMe--R 

OCHOBHOA xaPaKTePHCTHKH. 

BHaHMNA HHaHKaTOp ero 

3. noKa3aHO, 'iTO KHHeHaTH'ieCKHe xapaKTePHCTHKH BTOPH'iHNX npoTo-

HOB CBR3aHN C npoc-rpaHCTBeHHO-BPeMeHHNH pa3BHTHeM npouecca HX 

3HHCCHH, TaKHH oc;pa30H, nonY'iaeTCR B03H0ll(HOCTb KOHTPOnHPOBaTb xoa 

npouecca no xapaKTePHCTHKaH npOTOHOB. 

4. Pe3ynb-ran,i nPoseaeHHoro aHantt3a npoc-rpaHCTBeHHO-BPeMeHHoro 

pa3BHTHR npoueccos HHO*ecTBeHHoro po~eHHR nHOHOB H HCnycKaHHR 

HYKnOHOB noKa3anH, 'iTO 3TOT HeTOa cnocoe5eH aaTb HH¢0PHaUH~, KOTOPaR 

o-rpa:icaeT CYll!ecTBeHHue ceoAcTBa Hccneave= npoueccos. nonY'ieHHue 

pe3ynbTa'n,I C5NnH HCnonb30BaHN B nnaHHPOBaHHH HOBNX 3KCnepHHeHTOB Ha 

nY'iKax C03aaeaeHOro B OHSn-1 HYKnOTPOHa. 

5. 11eTOaH'iecKHe pa3pa6oTKH, nPoseaeHHNe B paHKax 3TOR pac;on,i, 

Hcnonb3~R B aanbH8AIIIHX 3KCnePHM8HTanbHNX HccneaoBaHHRX. 
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AnP05Al.1H51 PASOThl H nY5JIHKAI.IHH 

Pe3ynb-ran,i pa60n,i H sNBoau attccePTaUHH aoKnanNBanHcb H o6cyigna­

nHcb Ha HaY'iHNX ceHHHapax B Jlae5opaTOPHH BNCOKHX 3HeprHH H Jla5opa­

TOPHH TeopeTH'i~KOR ¢H3HKH 06~eaHHeHHOro HHCTHTYTa RaePHNX HCCneao-

saHHA, a TaKJKe HHcTHTYTa ¢H3HKH BapmascKoro TexHH'iecKoro 

-re-ra. OTaenbHue pe3ynb-ran,i aoKnaaNBanHcb Ha 3aceaaHHRx 

YHHBepcH­

K~epHoro 

KOHHTeTa 9HSlH H coeemaHHRX He~YHapoaHoR Konna5opauHH no 3Kcneptt-

M8HTaM C Hcnonb30BaHHeM nponaHOBOR nY3NPbKOBOA KaHepl,I. EonbmaR 

pe3YnbTaTOB npe~CTaBnRnacb Ha Me~YHaPOaHblX KOH~peHUHRX: B 

qacTb 

1985r. 

Ha KOH~P8HUHH no RaP0-RaepHNH CTOnKHOBeHHRM B Visby /IJIBeUHR/, B 

1986r. Ha KOH¢8P8HUHH no RaePHOR ¢H3HKe B 

/BenHKOC5PHTaHHR/, B 1987r. Ha .. KOH¢epeHUHH "4aCTHUN 

CPANIC'87> B Kyoto /ffi!OHHR/, B 1988r. Ha KOH~PQHUHH no 

CTOnKHOBeHHRH B Saint-Malo /~paHUHR/. 

Harrogate 

H Rapa" 

Rapo-RaePHNH 

OcHOBHNe 3KCnepHM9HTanbHN8 pe3ynbTa'n,I H BNBOaN aHCC8PTaUHH 

onye5nHKoeaHN B npenPHHTaX H COOC5WQHHRX OI-ISIH, B *VPHanax 

¢H3HKa", "H3B9CTHR AKaaeHHH HaYK CCCP", 

eumeynOHRHYT!,IX KOH~PeHUHH. 

"Z.Physik A", B 

"SJ.aepHaR 

HaTePHanax 

CnHCOK OCHOBHNX ny(SnHKaUHH npHBOaHTCR B KOHUe aeTOpe~pa-ra. 

CO.llEPXAHHE .l!HCCEP'I'__AUl-iH 

l!HccepTaUHR COCTOHT H3 eeeaeHHR, mecTH rnae H 3aKn~eHHR. 

Bo eee.QeHHH aaeTCR 1<paTKoe nPeac-raeneHHe TeHaTHKH nttccePTaUHH, 

Ha ¢,0He o6meR xapaKTePHCTHKH npoueccos HH0*8CTBeHHoro po~eHHR H 

3HHCCHH qacTHU B cTOnKHOBeHHRX penRTHBHCTCKHX aaPOHOB H Raep ¢,OpffYntt-

PYJOTCR OCHOBHNe uenH pa60T1,i. nPHBOaHTCR TaKJKe KPaTKoe 

oTaenbHNX pa3aenos attccesn-auHH. 

coaeP:KaHHe 

B nepeoR rnaae onHCNSaeTCR 3KCnepHHeHT no HccneaoBaHHRM B3aHHo­

aeACTBHR n-- He30HOB C RaPaHH KCeHoHa. OcHOBHOR 3KcnepHHeHTanbtil>ln 

HaTePHan nonY'ieH C noHO~ 180-nHTPOBOR KC8HOHOBOR nY3NPbKOBOR KaHepN 

HHCTHTYTa TeOPeTH'i8CKOR H 3KCnePHHeHTanbHOR ¢H3HKH B !10CKBe, 

.oe5nY'ianacb B nY'iKe n-- M830HOB C HHnYnbcaHH 3.5 r38/c. 

KaMepa 

06maR ¢H3H'i8CKaR 3aaa'ia 3KcnepHHeHTa COCTORna B .nonY'ieHHH 

nonHoR (no HeP8 MeTOntt'ieCKHX B03H0ll(HOCTeR) HH¢,()PHaUHH O xapaKTePHC­

THKax BTOPH'iHNX 'iaCTHU. npH nPOCHOTPe oT6HPanHCb ece xopomo HaeHTH-

4'HUHPOBaHHNe C06NTHR; H3M8PRnHCb see TP8KH 3aPRlmHHNX 

'iaR cneau 3neKTPOHOB KOHBepcHH, npecHOTP H H3HePeHHR 

HHcTHTYTe ~H3HKH BamaecKoro TeXHH'i8CKOro YHHBepcHTeTa 

TOPHH BNCOKHX 3HeprHH OHffii. 

5 

'iaCTHU, BKnJO­

nPOBOnttnHCb B 

H B Jla6opa-
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Nr 
PHc. 1. Pacnpe.QeneHHe no 

HH0*8CTB8HHOCTH y-1<BaHTOB, 

0 - 3KCnepHMeHTaJlbHOe pac­

npe.Q8J18HH8. • - pacnpe.Qe­

neHHe C Y'!eTOM 3<W>eI<THB­

HOCTH Pel"HCTPaUHH p. 

OcodeHHOCTbID 1<ceH0HoBoR ny:31,1pbK0BoR 

I<8M8PN RBJlReTCR a=oKaR 3<W>eKTHBHOCTb 

per-HCTPaUHH y-I<BaHTOB - CJle.QOBaTeJlbHO, 
0 

ft -Me30HOB, KOTOPNe RBJlR=R l"J18BH- Hl< 

HCT0'4HHI<OM. PHC 1. noKa3-aeT, '4TO B 

no.QaBJ1RIOlll8M dOJlbl!IHHCTBe COdNTHR Ha6JlJO­

.QaeTCR '48TH08 '4HCJ10 y-I<BaHT O B .. Ny; 

COdNTHR C H8'48TH- Ny RBJlR=R P83YJ1b-

TaTOM HenOJlHOR 3-I<THBHOCTH per-He-

TPaUHH, I<OTOPaR, Ot1Ha1<0, .QOCTaT0'4HO 

a=oI<a (Z90 %). HeR-rpaJlbHN8 nHOHN pe­

l"HCTPHP~R B I<aMepe B nonHOM .QHana-

30H8 Hl< I<HHeTH'48CI<Hl< 3HePl"HR; C HYJ18-

BUX - .QO caMNX a=oI<Hx, B03MO-- I<HHe-

MaTH'48CI<H. tlJIR H.Q8HTH$Hl.\HPOBaHHNX 

ft
0

-Me30HOB npoBO.QHJ18Cb I<OPPeI<UHR 3HeP-

l"HH COOTBeTCTBYl()IIIHl< HM y-I<B8HTOB nPH 

MaCCN VCJlOBHH CoBna.QeHHR 3-I<THBHOR 
0 

Hyy C MaCCOR ft -Me3oHa. Cpe.QHHe 

onpe.Q8J18HHR 3H8Pl"HH H Y!"JlOB 

Ol!IH6I<H 

3MHCCHH 

ft
0

-Me30HOB Cnocne npoueaypu I<OPPeI<UHH) 

COCTaBJlR~ COOTBeTCTBeHHO 9,3% H 1,9°. 

YacTHUN, OCTaHaBJlHBalOIIIHeCR B pado­

'48M od1oeMe I<aMepu, dNJ'IH H.Q8HTH$HUHPOBaHN I<aI< nPOTOHl,I, HMnYJJbCN npo-

TOHOB, BN.Q8J1R8MNX TaI<HM CnOCOdOM, 3aI<JlID'4a=R B HHT8PB8J1G OT 0.2 138/C 

' .QC OI<OJlO 0.7 138/C. B padOTe OdCYJK.Qa=R M8TO.QH'48CI<He nor-P811IHOCTH 

TaI<OR H.Q8HTH$HI<al.\HH. 803MO-N8 nPHM8CH ft -M830HOB He npeablllla~ 2%. 

8 aHaJ1H3HPY8MNX C06NTHRl< $HI<CHPOBaJJOCb TaI<*8 '4HCJIO V0 -'4aCTHI..\ H 

T.H. H8RTPaJlbHNX 3Be3.Q, 06pa3oBaHHNX BCJ18.QCTBH8 B3aHMO.Q8RCTBHR BTo-

PH'4HNX H8RTPOHOB C R.QPaMH I<CeHoHa B I<aMepe. STH .QaHHNe 6NJ'IH 

30BaHN B I<a'48CTB8 BCnOMOl"aTeJlbHOR HH$0PMaUHH. 

neHTa CYMMaPHNX P83YJlbTaTOB CO.Q8P~T 6301 COdNTHe. 

HCnOJlb-

8 padOTe nPOBO.QHTCR. TaI<*e aHaJJH3 pacnpe.QeneHHR no HHO*e-' 

CTB8HHOCTRM pa3HNX COPTOB qacTHU, tlJIR 3TOR l.\8J1H dNJ'IH HCnOJJb30BaHN 

.QaHHNe .QJIR B38HMO.QeRCTBHl1 ft +-Xe npH 2.34 138/C (6110 C06NTHR), ft - -Xe 

npH 5 138/c H npH 9 138/c (1468 H 1994 C06NTHR COOTB8TCTB8HHO). 

Bo BT0p0R rnaee npe.QCTaBJ18HN OCHOBHNe pe3yJlbTaTN 3I<Cn8Plt-

MeHTa. HaH6oJ1ee .QeTaJlbHO paccMOTPeHN xapaI<TePHCTHI<H n°-Me30HOB, 

Y'IH~aR, '4TO 3Ta HH$0PMal.\HR TPYllHO .QOCTYnHa C nOMOlllbID llPYl"Hl< 3I<cne-:­

PHMeHTaJl,bHNX YCTaHOBOK. 0T.Q8JlbHO npe.QCTaBJ18H aHaJJH3 .QaHHNl< no 

HH0*9CTB8HHOCTRH pa3HNX COPTOB qacTHu 

HMnYJJbCOB (2.34 +9.0) 138/C. 
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B nepBOHa'4aJlbHOR CTa.QHH HCCJle.QOBaHHR 

oI<a3aJlOCb, '4TO xapaI<TePHCTHI<H pa3HNX BTOPH'¾­

HNX qacTHU onpe.QeJ18HH- 06pa30M 3aBHCRT OT 

'4HCJJa HCnY1118HHNX 
/j,-,/ 

nPOTOHOB 

nPHMePOB .QeMOHCTPHPYIOT PHCYHI<H, 

HecKOJlbKO 

XapaKTePHC-

THI<H nHOHOB pa.QHI<aJlbHO M8HR=R C POCTOM 

'4HCJJa HCnY111eHHNX npoTOHOB (pHC. 2.). Xapa1<­

TepHCTHI<H CaMHX npOTOHOB OT HX '4HCJ1a B co-

6NTHH no'4TH He 3aBHCRT. l/q1-1~aR Ha5JlIO,QaeMNe 

.:.a1<TN, M0-0 38I<JlID'4HTb, '4TO '4HCJ10 HCnY1118HHNX 

npoTOHOB I<a'4eCTB8HHO xapaI<TePH3Y8T napa-

MeTP CTOJlI<HOBeHHR HaJ1eTaID1119R 

R.QPOM. B .QaJlbHeRmeH nPOBO.QHTCR 

'48CTHI..\N C 

.QeTaJlbHNR 

aHaJ1H3 pa3HNX xapaI<TePHCTHI< BTOPH'4HNX qacTHu 

B 3aBHCHMOCTH OT '4HCJ1a nPOTOHOB B C05NTHH, 

Pe3YJlbTaTN 3KCn8PHHeHTa CPaBHHBaJlHCb 

TaK*e C npe.QcKa3aHHRMH MO.Q8J1H BHYTPHR.Q8PHOl"O 

KaCKa.Qa. ITOJlY'!eHO cor-nacHe .QJlR 60Jlbl!IHHCTBa 

3Hepr-eTH'48CKHX H Y!"JlOBNX xaPaKTePHCTHK, XOTR 

HHO*eCTB8HHOCTH BTOPH'4HNX '48CTHI..\ OKa3aJ1HCb 

B 3KCnepHMeHT8 HeHbme, '48H B MO.QeJlH. 

8 KOHl..\8 3TOR l"JlaBN OdCYlK.QaeTCR P83YJ1b-

TaT, KOTOPNR B .QaJlbH8RllleH CTHHYJlHPOBaJl 

padoTN no pa3.QeJ1eHHID npoueccos PO*tl8HHR 

nHOHOB H HCnycKaHHR HYKJlOHOB. B 3aBHCHMOCTH 

CP8.QH81"0 '4HCJ1a npoTOHOB OT '4HCJ1a nHOHOB B 

C05NTHH BH.QHO CHJlbH08 ysenHq8HH8 CP8.QH8R 

HHO*ecTBeHHOCTH npoTOHOB .QJlR '4HCJ1a nHOHOB, 
/9/ 

Nft -o . TaKoR 38BHCHMOCTH B llPYl"HX 3Kcneplt-

H8HTaX .QC 3TOl"O He Ha5JllO,QaJJOCb. 0TcYTCTBH8 

nHOHOB Cc 1100- 3apR.QOH) cpe.QH BTOPH'4HNX 

qacTHU 03HaqaeT, '4TO HaneTaIDIIIHR nHOH nepe.Qan 

R.QPY BCID CBOID 3Hepr-HID, BCJle.QCTBHe '481"0 H 

Ha5JllO,QaeTCR 50JlbmaR HHO*eCTBeHHOCTb 3MHCCHH 

npOTOHOB. .lleTaJlbH08 paCCMOTP8HH8 3THX 

aonpocoa npe.QCTaBnReTCR a cneaYJ()llleR r-naae. 

PHC, 2. 3aBHCHMOCTH: a -cpe.QHeR MH0*8CTBeHHOCTH, 5 -cpe.QHeR KHHeTH--

qecKOR 3Hepr-HH, B - cpe.QHer-o KOCHHyca yr-na 3MHCCHH n°-Me30HOB OT 

q1-1cna BTOPH'4HNX nPOTOHOB B ft - -Xe CTOJlKHOBeHHRX npH 3.5 138/C /f.21"-: 

7 



B "IJ)e'J1>eA rnaee cHa'i~na O6Cy.!(Aa!O'TCR MeTOaH'ieCKHe Bonpocli, 

·cBR3a~HN8 C B1#19neHHeM CO6Nn!R 6e3 MHO~8CTBeHHOrO PO/E,QeHHR 'iaCTHU( a 

3aT8M. pacCMaTPHBa!O'TCR ¢>H3H'ieCKH8. 

C06Nn!R. 

CBORcTBa BNaeneHHoro Knacca 

B ynpomeHHOM npeacTaBneHHH CO6Nn!R 683 po~eHHR BTOPH'iHblX 

'iaCTHU YllOBneTBOPRJOT cn_eaVJOIIIHM KPH_TePHRM: 

Nft -o, 1, Nvo-0, NP~O, 

rae N .• N o, N - =cno nHOHOB B CO6Nn!H (BKnI0'iaR 
ft V p 

ft 0 -Me3OHW, 
0 . 

'iHcno V -'iaCTHU, 'iHCnO BTOPH'iHblX npoTOHOB COOTBeTCTBeHHO. 

N 
Ytf 
0.20 I- ♦ 

+ 
0.15 !- ♦ t 
0.101- ♦.i + 
o.o5 f- I + ♦ ♦ • + 
o.oo 

o 2 4 6 a 1012 14 NP 

PHc. 3. PacnpeaeneHHR no 

., 
YcnoBHe Nft-o O3Ha'ia8T, 'iTO nepBH'iHNR 

nHOH nepeaaeT RaPY BCD CBOD 3HeprHD, B 

pe3ynbTaT8 'iero Ha6n~a8TCR HHTeHCHBHaR 

3MHCCH-'l HYKnOHOB. Ha PHC. 3 npeacTaBneHo 

pacnpeaeneHHe no 'iHcny nPOTOHOB B TaKHX 

C06NTHRX; nPHBeaeHo 

pacnpeaeneHHe an>1 Nft~o. 

TaK-

S'lpKoe 

aHanorH'iHOe 

pa3nH'iHe 

B ¢>0PMe 3THX aBVX pacnpeaeneHHR cooTBeT­

CTByeT npH6nH3HTenbHO aBVXKPaTHOR pa3HHUe 

B 3Ha'ieHHH cpeaHHX MHO~eCTB8HHOCT8R. l!JJR 

Nft>O He Ha6nDaaeTCR cvmecTBeHHOR 3aBH-­

CHMOCTH 'iHCna BTOPH'iHblX npOTOHOB OT Nft. 

AHanH3 noKa3an, 'iTO HMnYnbCHNe 

MHO~eCTBeHHOCTH npoTOHOB. yrnOBNe xapaKTePHCTHKH npOTOHOB B 

H 

TaK 

'iHcna 0 - B CO6Nn!RX C Nft-0, 

e - B COISNn!RX C N ~0. ft 

BNaeneHHblX co6Nn1>1x He 3aBHCRT OT 

BTOPH'iHblX npoTOHOB N H He OTnH'ia!O'TCR 
p 

cooTBeTCTBVJOIIIHX HM xapaKTKPHCTHK 

CO6NTHRX, rae Nft>1. 

OT 

e 

HatSn~aeTCR CHnbHaR 3aBHCHMOCTb 'iHcna BTOPH'iHblX npoTOHOB OT yrna 

BNn8Ta nHoHa B CO6liTHRX C Nft-1. A3HMYTanbHNe pacnpeaeneHHR npoTOHOB 

YKa3blBaJOT Ha cvmecTBoBaHHe acHMMeTPHH B nnocKocTRx, onpeaen>1eMNX 

yrnoM BNneTa nHoHa. 0Ka3anocb TaK~e. 'iTO. OTHOCHTenhHaR aonR. COISliTHR 

c Nft-o 6NCTPO YMeHblliaeTCR c POCTOM HMnYnbCa HaneTaDmero 

pft~5 r3B/C TaKHX CO6Nn!R npaKTH'ieCKH He Ha6n~aeTCR. 

nHOHa. l!JJR 

CpaBH8HH8 pe3ynbTaTOB,nonY'18HHblX anR BNaeneHHOrO Knacca CO6liTHR, 

C PE!.3YnbTaTaMH, npeaCTaBneHHblMH BO BTOPOR rnaBe, a TaK~e C nHTePa­

TYPHNMH; aaHHNi-n-r anR aPvrHx peaKUHH, noKa3blBaeT, 'iTO npoueccN 

MHO~ecTBeHHOro po~eHHR He BnHRJOT cvmecTBeHHO Ha xapaKTePHCTHKH 

HcnvcKaeMblX npOTOHOB. ~PMa 3HepreTH'ieCKHX H yrnoBblX pacnpeaeneHHR 

npOTOHOB RBnReTCR xapaKTePHNM CBORCTBOM npouecca· HX 3MHCCHH. 

3HeprHeR, MHo-cTBeHHOCTb HcnvmeHHblX nPOTOHOB TeCHO CBR3aHa C 

TePReMOR HaneTalOIIIHM aaPOHOM Ha CBOeM IlYTH B Rape. ,llnR HMnynbCOB 

8 

HaneTaIOlllHX aaPoHOB B H'ecKOnbKO 'r3B/c 

OCTaHOBKe aapoHa B Rape-i-n-rmeHH. 

noTePH 3He~rHH nPHBOaRT K 

Ha ocHOBe npoBeaeHHoro aHanH3a tSNn caenaH BblBoa, 'iTO npcuecc 

3MHCCHH HYKnOHOB pa3BHBa8TCR nocneaoBaTenhHNM O1Spa39M - saonb 

TPaeKTOPHH HaneTa~eR 'iacTHUli B Rape. Xoa_3TOro npouecca onpeaenRJOT 

noKanhHN8 CBORCTBa RaePHOR MaTePHH, 3OHaHPY8MOR HaneTaIOIIIHM" -aaPOHOM 

<nnoTHOCTb RaePHOR MaTePHH, papnP~aeneHH8 nnOTHOCTH 3ap>1aa H ap.>. 

3aBHCHMOCTb OT MaCCOBOro 'iHCna Rapa-i-n-rmeHH BNPa-eTCR reOM8TPH'i8CKHM 

¢>aKTOPOM,Y'IHTNBaIOIIIHM BHa pacnpeaeneHHR nnOTHOCTH RaePHOR MaTePHH. 

MHo~ecTBeHHOCTH npoTOHOB, nonY'leHHNe B npeanono~eHHH o pacnpeaeneHHH 

nnoTHOCTH Ra8PHOR MaTePHH B BHae pacnpeaeneHHR ~8PMH, aanH 

cornacHe C pe3ynbTaTaMH 3KCnepHM8HTa. 

Hennoxoe 

B ~e-raep-roR rnaee aHanH3HP~R CBORCTBa°HCTOqHHKOB, H3nY'laIOIIIHx 

BTOpHqHNe qacTHUN B cTOnKHOBeHHRX nHOHOB C RaPaMH KC8HOHa npH 

P =3.5 r3B/c. 8 CBSl3H C 3THM paCCMaTPHBa!OTCR TaK~e BOnPOCN nepeaaqH ft . 
3HeprHH RaPY'"MHDl8HH H BO315~eHHR RaePHOR MaTePHH; onpeaenReTCR 

TOPM03HaR cnocO6HOCTb Rapa H OISC~a!O'TCR npH3HaKH YCTaHOBneHHR 

T8PMOaHHaMH~8CKOro PaBHOB8CHR. 

....lli. 
LNc 

0,05 

PHc. 4. PacnpeaeneHHR no 

6NCTPOTaM 
0 ft -Me3OHOB B 

COISliTHRX C pa3HNM qHcnoM 

BTOPHqHNX· npoTOHOB Np• 

B Haqane rnaBN onHcaH MeTOa aHanH3a 

aaHHblX, nO3BOnRIOlllHR onpeae_nHTb CHCTeMY, 

KOTOP~ MO-O pacCMaTPHBaTb KaK COl5CTB8H-

H~ CHCT8MY HCTOqHHKOB. nPHHRTNR noaxoa 

aaeT BO3MO-OCTb nonY'IHTb HH¢>0PMal.\HD 0 

noKanbHOM'BO315~8HHH RaePHOR MaTePHH, a 

TaK~e onpeaenHTb TOPM03H~ cnocOISHOCTb 

RaPa-MHmeHH. Ha PHC. 4. noKa3aHN pacnpe-

aeneHHR ft0 -Me3OHOB no 6NCTPOTaM anR 
pa3HNX 3HaqeHHR NP. Bee pacnpeaeneHHR 

npHl5nH3HTenbHO CHMMGTPHqHbl, HO C ysenHqe­

HH8M qHcna npOTOHOB HX nono~eHHR caBH­

raDTCR CHCT8MaTHqecKH B CTOPOHY M8Hbll!HX 

ISNCTPOT. l!JJR N -o cepeaHHa pacnpeaeneHHR 
p 

COOTB8TCTBY8T CHMM8TPHqHOR 3MHCCHH nHOHOB 

e CHCTeMe nHOH-HYKnOH nPH Pft-3.5 

anR Mp>B noa06HNR 3¢,¢,eKT_ BHaeH B 

paTOPHOR CHCT8M8 o-rcqeTa. 

r3B/c; 

nat5o-

Ha6n~aeMNe 3aBHCHMOCTH COOTBeTCTBY-

JOT KaPTHHe, B KOTOPOR IlHOHN . HCnycKalO'TCR 

aBH~MHCR HCTOqHHKaMH, CKOPoCTH -KOTOPNX 

3aBHCRT OT CTeneHH l.\8HTPanbHOCTH COISNTHR, 

BNPa-eMOro qHcnoM nPOTOHOB Np• 

9 



llJIR onpeA8Jl8HHR CKOpOCTH H3Jly'{alOllleR CHCTeMU /3 
9 

(NP) HCnOJlb30-

JlHCb TPaHC-:OPMaUHOHHNe CBORCTBa 6NCTPOTN: 

/3,.CNP> = tanh [yM(NP)l, (1) 

rAe y CN) - MeAHaHa 6NCTPOTHOro pacnpeAeneHHR n°-Me3oHOB AJIR AaH­
M p 

Hore 3Ha4eHHR N. B TaK onpeAeneHHOR CHCTeMe 4Hcna nHottoB, neTRWHx 
p 

snePeA H Ha3aA,cosnaAaJOT. 

Ha PHC. 5. noKa3aHa 3aBHCHMOCTb 

or· 1'slllrl • 
0.6 • ♦ 

0.4 

<ft.o>•0.55•0.01 

onpeAeJleHHOR TaKHM cnoco6oM CKOPOCTH OT ~w-

CJla nPOTOHOB B C06NTHH. CrpenKa Ha PHCYHKe 

OTMe~aeT CKOPOCTb CHCTeMU nHoH-HYKJlOH npH 

02 
♦ + /3 -o 

e 

0 

+ r""8 
P n -3.5 r3B/c. CKopocTb 

Jla6opaTOPHOR CHCTeMe OTC48Ta. 

COOTB8TCTBY8T 

3KcnePHMeH-

L ~ 
0 2 4 6 8 10 

~p 

PHC. 5. 3aBHCHMOCTb 

CKOP0CTH HCT04HHKOB 

OT 4HCJla nPOTOHOB N. 
p 

TaJlbHNe TO~KH 3aHHMalOT B8Cb HHTePBaJl Me)l(Jly 

3THMH 3Ha48HHRMH. 

TaKHH 06Pa3oH, 

TOPH0~8HH8 H3Jly'{aXllll8R 

Ha6moAaeTCR nOJlHOe 

RAPe-CHCTeMU B 

MHmeHH. no4TH H30TPOnHaR 3MHCCHR nHOHOB B 

na6opaTOPHOR CHCTeHe KOOPAHHaT ·AOCTHraeTCR 

npH 3TOH AJlR 4Hcna BTOPH4HNX npOTOHOB 

N >8, 4TO 6JlH3KO K CP0AHeR HHO~eCTB0HHOCTH 
p 

npoTOHOB B C06NTHRX C OCTaHOBKOR HaJleTalOII!ero nHOHa B RAPe-MHmeHH. 

npeseAeH aHaJlH3 3aBHCHHOCTH 'Yno>=f(Np), KOTOPaR xapaKTePH3YeT TOP­

M03HYJ() cnoco6HOCTb RAPa; 6.y/6.Np= -0.081 ± 0.003. noKa3aHO TaK~e, 

4TO C YH0HbW0HHeH . nPHU0JlbHoro n·apaMeTPa B03PaCTaeT c-reneHb H30TPOnHH 

vrnoBNX H HHIIYJlbCHNX pacnpeAeJ18HHR. 

B AanbHeRmeM aHaJlH3HPOBaJlHCb HHKJll03HBHN8 pacnpeAeneHHR 

n°-Me30HOB B 3aBHCHMOCTH OT HX KHH0TH40CKHX 3H0PrHH. llJIR annPOKCW-

MaUHH pacnpeAeneHHR nOTP860BaJlHCb AByXKOHIIOH8HTHNe 3KCnOH8HUHaJlbHNe 

¢>YHKUHH THna: 

f(T) = A•exp(-T/To•) + A
2
exp(-T/To

2
). <2> 

3A8Cb, A., AZ, To.- To2 - napaHeTPN annpoKCHMaUHH. 

ClKa3aJlOCb, 4TO B na6opaTOpHOR CHCTeMe OTC4eTa HMeeT MeCTO 

CHJlbHaR 3aBHCHHOCTb napaHeTPOB annPOKCHMaUHH To.H Toz OT 

BN5paHHoro yrnosoro HHTepeana H 4HCJla npoTOHOB Np- 3TH 3aBHCHMOCTH 

npaKTH48CKH HC4e3aJOT nocne nepexoAa B CHCTeHY CHMH8TPH4HOR 3MHCCHH, 

onpeAeneHHOR -:OPHYJlOR (1). AnnPOKCHMHPYR H8HHBaPHaHTHNe pacnpeAe­

Jl8HHR nHOHOB B CHCTeHe :CHMH8TPH4HOR 3MHCCl•Ui, nOJly'{HH ·cJl8AYJOWH8 

3Ha4eHHR TeHllePaTYP AJlR ABVX THnOB HCTO~HHKOB: 

T•= 135 ± 4 M3B, T
2

= 52 ± 3 M3B. 

&:,nee AGTaJlbHNR aHan1,13 noK.~3an, 4TO C YB0JlH48HH8H 

10 

c-reneHH ueHTPaJlbHOCTH C06NTHR B03pacTaeT BKJlaA BTOPOro HCT04HHKa. 

3Ha48HHe Tz npH6JlH3HTeJlbHO coenaAaeT co 3Ha48HHRMH TeHll8PaTYPN, 

nOJly'{8HHNMH AJlR npoTOHOB, HcnycKaeMNX Ha3aA B n--xe CTOJlKHOB8HHRX npH 

3.5 r38/C. 

8 runuR rnaee npOBOAHTCR aHaJlH3 HHTeP¢>eP8HUHOHHNX KOPP8JlRUHH 

BTOPH4HNX nHOHOB, HcnycKaeMNX B CTOJlKH0B8HHRX penRTHBHCTCKHX aAPOHOB 

H RA8P. KaK H3B8CTHO, KOPP8JlRUHH TO)l(Jl8CTB8HHNX 4aCTHU, HcnycKaeMNX 

C 6JlH3KHMH HHIIYJlbCaMH,H8CYT HH-:OPMaUHD O npocTPaHCTB8HHO-BP8H8HHNX_ 

xapaKTePHCTHKax npouecca Hx reHePaUHH. 

8Ha~ane Aa8TCR KPaTKoe on1,1caHHe TeQP8TH48CKHX noAxOAOB, B 

KOTOPNX HHTeP¢>0P8HUHOHHNe KoppenRUHH nPHM8HRIOTCR .AJlR H3BJl848HHR 

HH-:OPMaUHH O nPOCTPaHCTB8HHO - BP8M8HHNX xapaKTePHCTHKax HCCJl8AY8MNX 

npoueccoB; npHBOARTCR pa3HNe BHAN napaM8TPH3aUHH AByX4aCTH4HOR 

KOPP8JlRUHOHHOR ¢>YHKUHH H pacCMaTPHBalOTCR M8TOAH48CKHe BOnpOCN 

aHaJlH3a AByX4aCTH4Hl:fX pa9npeA8Jl8HHH B 06JlaCTH MaJlNX OTHOCHTeJlbHNX 

HHIIYJlbCOB. 8 AaJlbHeRmeH nPOBOAHTCR A8TaJlbHNR aHaJlH3 AaHHNX no 

onpeAeneHH~ pa3H8POB 06nacTH 3MHCCHH 

penRTHBHCTCKHX aAPOHOB H RA8P. 

nHOHOB B CTOJlKH0B8HHRX 

0TA8JlbHO npeACTaBJl8HN P83YJlbTaTN aHaJlH3a HHTeP¢>eP8HUHOHHNX 

KOPP0JlRUHH n°-He30HOB,HCnycKaeMNX B n~-Xe B3aHMOA8RCTBHRX npH 3.5 

r38/C. HeRTPaJlbHNe nHOHN RBJlRIOTCR xOPOWHH 06b8KTOM AJlR HCCJl8AOBaHHR 

HX HHTeP¢>eP8HUHH H3-3a OTCYTCTBHR 3¢>¢>8KTOB KYJlOHOBCKoro OTTaJlKH-

BaHHR. 11.aeHTHci>HKaUHR H8CKOJlbKHX n°-Me30HOB B OAHOH C06NTHH 

OAHaKO, 048Hb BNCOKOR 3¢>¢>8KTHBHOCTH perHCTPaUHH y-KBaHTOB. 

TP86Y8T, 

no3TOHY 

nony'{8HHN8 B 3TOR pa60Te AaHHNe RBJlRIOTCR nepBNH B MHPOBOR JlHTePaTYPe 

P03YJlbTaTOH no onpeAeJleHHD pa3M8POB 06JlaCTH HcnycKaHHR 
0 n -H830HOB. 

2,0 

§1.5 
O<: 

O~L_~---=~~_. 
0 0,3 0,6 0.9 

O,f3B/c 

PHc. 6. PacnpeAeneHHe 

R ( Q) • KpHBaR - pe3yJ1b­

TaT annpOKCHMaUHH no 

-:OPHYJie <3>. 

Ha PHC. 6 noKa3aHO CAHO H3 nony'{eHHNX 

pacnpeA8Jl8HHR. llByX4aCTH4HaR KoppenRUHOH­

HaR ¢>YHKUHR npeACTaBJl8Ha 3A8Cb B 3aBH­

CHHOCTH OT nepeHeHHOR Q, KOTOPaR onpeAe­

JlR8T pa3HHUY HHIIYJlbCOB nHOHOB B HX cod­

CTBQHHOR CHCTeMe OTC40Ta. KPHBaR noKa3!,t-

.BaeT pe3YJlbTaT annpoKCHMaUHH 3KcnepHH8H­

TaJlbHOro pacnpe.QeneHHR no -:OPHYne: 

R(Q) = A ( 1 + >-. exp(-Q
2
r:))1 <3> 

rAe A, >-., r 
O

• - napaHeTPN pacnpeAeneHHR. 

KOH84HN8 P83YJlbTaTN, onpeAQJlR~e 

CP8AH8KBa.QpaTH4HNR PaAHVC o6nacTH Hcnyc-
0 

KaHHR n -Me30HOB H BP0MeHHN8 HHTePBaJlN 

Hx reHePaUHH, cneAYJOmHe: 

< rz > •"z= t.2± 0.3 ci>H, CT"' 0.8 -1().4 
-0.3 ¢,H. 
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3Tl1 pe3yJibTa'lbl COOTBeTCTBYJOT. ·aHaJIOl"l1~HNM pe3yJibTaTaM 

Bl:mOJIH8HI.IX no l<OPP8JISll.\11s:!M 3apf1ll(8HHI.IX n110Hos; OC5Pa30BaHHW< · ... B 

pa6oT, 

aapoH-

aapo_l:iH_I.IX 1pa11MO_aeRcTB11s:!x;. cosnaaaJOT Tal<lKe c · pe;yni.TaTaMl1, nOJIY'ieHHW-!11 

.QJls:! B3a11MoaeRcTBl1R nPOTOHOB 11 aHT11nPOTOHOB C s:!.QPaMl1 l<CeHOHa np11 

3HE;Pf'l111 200 ;f:3B. flOJIY'ieHHble pa3Mep1,1 MeHbWe · pa3MepOEI · o6nacTH 

3aPs:!lK8H!il.lX n110HOB B., s:!.QPO-s:!.QePHI.IX CTOJll<HOBeHl1s:!X np11 3HePl"l1s:!X 

HeCKOJlbl<l1X r3B.Ha HYKJIOH. 

3Ml1CCl111 

nops;i.QKa 

Ta1<11M o6pa30M, 31<cnep11MeHTaJibHble Ha6n10.QeH11s;i no1<a3blBaJOT, 'iTO 

pa3MePbl s;i,apa-MHmeH11 He onpeaens;il<YI' npocTPaHcTBeHHO-BPeMeHHI.IX xapa1<Te­

Pl1CT111< nPOUecca f-\HOlK8CTBeHHOR l"eHePau1111. Pe3YJibTa'lbl, nOJIY'ieHHble B 

3TOR pae;o-re,cornacYIO'I'Cs:! c OC5Wl1M npeanonoJKeH11eM, 'iTO pa3Mep1,1 06nacT11 

r-eHepau1111 n110HOB onpeaens:!JOTCs:! pa3MePaMl1 MeHbwer-o 113 ·cTan1<11BalO!lll1xcs;i 

061,e1<TOB. 

8 aanbHeRmeM npe.QCTaBneHbl pe3yJibTa'lbl aHaJI113a 11HTeP¢>ePeHU110HHblX 

l<OPP8Jls:!U11H B a.QPOHHblX CTPYl'IX, 

CTOJll<HOBeH11s:!X IT - M830HOB C 

Bl,I.QeJis:!eMblX l1HBap11aHTHblM MeTO.QOM B 

npoTOHaMl1 11 s;i,apaMH Y!"Jiepoaa np11 

Ha'iaJibHOM 11MnYJlbCe 40 r38/c. H!iTepec I< Tal<l1M 11CCJie.QoBaHl1s:!M 11CXO.Ql1T 113 

npe.QCTaBneHl1s:! 0 KBaPKOBOR CTPYKTYPe aapoHOB 11 s;i,aep. 8 CBs:!311 C 3Tl1M 

B03H11KJia r-11n0Te3a, YTO xapaKTeP11CTl1K11 a.QPOHHblX CTPYl'I He 3aB11Cs:!T OT 

npo11cxoJK.QeHl1s:! 11 CBORCTB useTHOR KBaPKOBOR Cl1CTeMbl (T11na B3al1MO­

aeRCTBl1s:!), a onpeaens;il<YI'Cs;i a11HaMl1KoR npouecca aapoH113au1111. aettcTB11-

TeJlbHO, pe3ynbTa'lbl 11ccneaosaH11R, nPOBO.Ql1MblX B Jla6oPaTOPl111 

3HePr-11H OHffif, no1<a3an11, YTO MHor-11e CBOl'ICTBa attPOHHblX 

BblCOl<l1X 

CTPYl'I, 

paccMaTPl1BaeMI.IX B npocTPaHcTBe OTHOCl1TeJlbHI.IX YeTl,lpexMePHblX 

CKOPOCTeR, 11Me!OT YHl1BepcaJibHbll'I xapaKTeP, 11 He OTJil1YaJOTCs:! aalKe B 

+ -
TaKl1X pa3Hb1X T11nax B3al1MO.QeRCTB1111, KaK e e - aHHl11"11Jls:!U11s:! 11 l<YHY'" 

Jls:!Tl1BHble IT--c B3a11MO.QeRCTBl1s:!. CVDtecTBYeT MHOl"O aaHHblX no 11ccneao-

eaHl1~ 11HTep¢>epeHU110HHblX KOPP8Jls:!Ul1H B CTPYs:!X, per-11CTPl1PY8Mb1X B 

+ -npoueccax e e -aHH11r-11ns;iu1111, Ho noao6HI.IX 11ccneaosaH11R ans;i s;iaePHblX 

npoueccoe no1<a He npoeoa11nocb. 

8 3TOR pa6oTe CTPYl1 Bl,I.QeJis:!Jll1Cb no MeTO.Qy M11H11Ml13aU1111 CYMMbl 

KBaapaTOB OTHOCl1TeJlbHblX YeTblPeXM8PHblX CKOPOCTeR. CTpY11, OC5Pa3YIOllll1eCs:! 

B 06nacT11 ¢pal"MeHTaU1111 nY'iKa 11 B OC5JlaCTl1 ¢par-MeHTaU1111 

pacCMaTPl1Ban11cb OT.QeJibHO. AHan113 npOBO.Ql1JICs:! B CHCTeMe ueHTPa 

1T-p <PIT-40r38/c), a TaKlKe B Cl1CTeMe no1<0s:! CTPY11- flpl1MeHs:!Jil1Cb 

T11nbl napaMeTPl13aU1111 Koppens:!U110HHOR ¢YHKU1111, OCHOBaHHble Ha 

Ml1WeH11, 

MaCC 

pa3Hble 

pa3HblX 

npeanonolKeH11s;ix o xapa1<TePl1CT111<ax 113JIY'ia!OllleR Cl1CTeMbl. OTaenbHO 

pacCMaTPl1BaJil1Cb 1<oppens:!Ul10HHbl~ ¢YHKUl111, noCTP08HHble OTHOCl1TeJibHO 

l1HBap11aHTHOR nepeMeHHOR Q - YeTblPeXMepHoR Pa3Hl1Ubl 11MnYJibCOB: 

Q
2 = -(p -p ) 2

, r-tie p ,P - ye'lblpexl1MnYnbcbl n110H0B, cocTasnmo11111x napy. 
t 2 t 2 

Pe3YJibTa'lbl IlOKa3aJil1, YTO 11HTeP¢>eP8HUl10HHble KOPP8Jls:!Ul111 B CTPYl'IX, 

OC5Pa3YJ011111XCs:! B 06JiacT11 ¢par-MeHTaUl111 nY'iKa,He 3aBHCs:!T OT MaCCbl s;i,apa 
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:] 

) 
) 

• I 

Ml1WeHl1 11 cosnaaaJOT C . aHaJJOl"l1'iHW111 .QaHHl,IMl1;· '. 110JIY'ieHH°1D-IH' '' • .QJISI 

npoueccoe e + e - - aHHl1r-Hns:!Ul111. 0TJIH'il1e Ha6JI~aaeTCs:! ans:! C-ri:iYH ''a·. . ·o6.niic:Tl1 

,i,par-MeHTaU.1111 Ml1WeH11. nonY'ieHHble pe3ynbTaTbl · aeMOHCTPl1PYlOT HOBOG 

CBQRCTBO npoueccoB MHOJKecTBeHHOl"O po)K.QeHl1l'! B,MS'll"KHX aaPoH-aaPOHHI.IX 

11 aapoH-s:!ttePHblX CTOnKHOB8Hl1s:!X:,npocTPaHCTBeHHO-BP8MeHHbl8 xapa1<Tep11-

CTl1l<l1 aapOHHblX CTPYH, B1,1.QeJis:!GMblX l1HBap11aHTHblM ,Me'ro.QOM. B 06JiaCT11 

,i,par-MeHTaU1111 HaneTalOIIIGl"o aapoHa, s:!BJis:!IOTCs:! YHl1BepcaJibHblM CBORCTBOM 

npoueccoe oe5pa3oeaH11s;i CTPYl1, He3aBl1Cl1MblM OT 

CTan1<11BalOllll1xCs:! 06be1<TOB. 

T11na 11 IlPl1PO.Qbl 

8 KOHi.le 3TOR r-naBbl npe.QCTaBneHbl pe3YJibTaTbl aHan113a npoaoJibHblX 11 

nonepe'iHblX pa3MePOB OC5JiaCTl1 11cnyc1<aHl1A IT -MG30HOB B ueHTPaJibHblX 

cTOJI1<HoeeH11s:ix 
12C - Qi np11 3Hepr-1111 3.66 A r3B. Pae;o-ry cT11MYJI11poean11 

HeaaBHl1e pe3yJibTa'lbl Konna6opau1111 NA35 <CERN>, r-ae 

aHOMaJibHOe ysen11YGHl1e nonepe'iHblX pa3MGPOB OC5JiaCTl1 

·HaC5JIJO.Qanoc b 

11cnyc1<aH11si 

- ~ IT -Me30HOB B cTOnl<HOBeHHs:!X O - Au np11 200 A r3B ans:i ueHTPanbHor-o 

11HTePBana C5blCTPOTHOr'O pacnpe.QeJieH11A n110HOB. 

11cnoJib30BaHbl .QaHHble, nonY'ieHHble C noMOWb~ 

B HaweR pae5oTG C5blnl1 

2-MeTPOBOR CTPl1MePHOR 

KaMePbl (ycTaHOBKa CKH-200). Pe3YnbTa'lbl noKa3aJil1, YTO 

3.66 A r3B He HaC5nJO.QaeTCA aHaJI01"11YHOr'O ysenl1'i8Hl1A 

np11 3Hepr1111 

nonepGYHI.IX 

pa3MGPOB oC5nacTl1 11cnycKaHl1A n110HOB, HO B11.QHO YBGJil1YeHl1G npoaonbHblX 

pa3M8POB. flOJIY'iGHHbll'I P83YJlbTaT YKa3blBaeT Ha pa3H~ np11po,ay 3¢¢,GKTOB, 

HaC5n~aaeMblX anA pa3HblX 3Hepr-11H HaneTalOllll1x Aaep. 

8 rrume mec-roA aHan11311pyeTCA KOPPenAU110HHblG xapaKTGP11CTl1K11 

npOTOHOB B oC5nacTl1 MaJiblX OTHOCl1TGnbHI.IX 11MnYJibCOB 11 onpeaenAIOTCA 

pa3MGPbl oe5nacT11 11cnyc1<aH11A npoTOHos. 

noee.QeH11e .QBYxYaCTl1YHOR KoppenAUl10HHOR ¢YHl<U1111 nPOTOHOB B 

OC5JiaCTl1 MaJII.IX OTHOCl1TGnbHI.IX 11MnYJibCOB onpe.QeJIAIOT 3¢¢el<Tbl KBaHTOBOR 

CTaTl1CTl11<11, B3al1MO.QGl'ICTBl1A B KOH8YHOM COCTOAHl111 11 l<YJIOHOBCl<Or'O 

OTTaJil<11BaHl1s:!. ~YHl<U11A 11MGGT xapa1<TGpHblR B11.Q C Wl1POl<l1M Mal<Cl1MYMOM, 

BblCOTa l<OTOPOl"O 3aBl1Cl1T l"JiaBHblM oC5pa30M OT npocTPaHCTBOHHO-BpeMeHHI.IX 

CBORCTB npouecca 3Ml1CCl111 npOTOHOB. 

ITocne 1<paTKor-o TGOPeT11YeCKOl"O BBG.Q8Hl1s:! pacCMaTPl1BalOTCR 

MeTO.Ql1YGCl<l1G eonpocbl noCTPOeHl1A tlBYXYaCTl1YHblX pacnpe.QGJIGHl1R C yYGTOM 

3l<CnGPl1MGHTaJibHblX VCJIOBl1R. OC5nacTb 1<oppeJIAUl10HHOr'O 3¢¢el<Ta 
I 

COCTaBJIS!eT TOJlbl<O HGC50nb~ 'iaCTb ¢a30B01"0 OC5'bGMa, .QOCTY"HOl"O B 

cnY'iaG KaHGPHOR HGTO.Ql11<11. HaC5JIIO.QGH11G KOPPGJls:!Ul111 

cneaoeaTGJibHo, C50nblll0r'O OC5'beMa 3l<CnGPl1HGHTaJlbHOr'O 

TPGC5YGT, 

MaTGPl1ana. 

HeaocTaTOI< aaHHblX nPl1B0.QHT I< HeOC5XO.Ql1HOCTl1 noCTPOeHl1R cpaBHl1TeJlbHO 

Dll1POl<l1X l1HTepBaJI0B,oxBaTblBaJOW11x 3HaYl1TeJlbH~ YaCTb 1<oppeJis:!Ul10HHOr'O 

Mal<Cl1H'/Mcl. 8 npeaenax 0.QHOl"O 11HTePBana 11HeGT MeCTO 1<a1< C50JlblllOR POCT 

nJIOTHOCTl1 nap npOTOHOB, Tai< 11 l13HeHeHl1s:! l<OPPGJis:!Ul10HHOR ¢YHl<UHH. YYeT 
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ecex 3THX B3aHMH0 CBR3aHHlalX VCJlOBHH peaJlH3Y8TCR nyreM CTaTHCTH'i8Cl<0-

1"0 MOtleJlHPOBaHHR. 

B aaJlbHenmeM npeac-rasneHu pe3yJ1bTaTU aHaJlH3a asyxnpoTOHHW< 

1<oppens:1UHH ans:i pea1<UHH: n - Xe npH 3.5 T:>B/c, Cp, d, °'• C>-C np11 

4.2 r:>B/c Ha HYl<JlOH, p-Ta nPH 10 r:>B/c. · noapo6Ho pacCMOTP8Ha 

3aBHCHMOCTb l<OPP8JlS'IUHOHHlalX xapaJ<TePHCTHI< nPOTOHOB OT HX HMnYJlbCOB. 

G f 8 

4 ♦ • ---1 1.45 

~ 
C't,f'" 

)15 

"f--<---.---l + o.a 

2 -t----+---+--+-~_f, tj_,f .. 0 
CT" ,f'" 

8 

.t 61 
f ~ >30 

16 

ft -----~f2B ">;'.--- tr 
1
1.s ,,,. 4 

~ 
"2 T o.s 

01---+--,...--1--+---+--+-< 

8 

6 

4 

2 

I . ~ CT,tm 

(,'t-- '----- 8 1 ---- 1 

i:1 0.2 0.3 0.4 ·05 -0.6 0.7 
(J/,),6eV/c 

rj,,fm 

3.1 
2.0 

0.5 
'i1f"' 

P11c. 7. 3aBHCl1MOCTb 

cpeaHe1<saapaTH'iHW< paa11v­

coe o5nacTH 11cnyc1<aH11s:i 

npOTOHOB OT cpeaHHX 11M­

nyJlbCOB nPOTOHOB <pp>. 

Ha.smoaaeTCs:i VCHJ18HH8 1<oppeJ1RUHOHHOl"O 

3¢,¢,el<Ta C POCTOM HMnYJlbCOB nPOTOHOB, 'ie­

MY COOTB8TCTBYeT YM8Hbm8HHe pa3M8POB 015-

JlaCTH HX 3MHCCHl1. Ha PHC. 7 npeac-rasneHa 

3aBHC11MOCTb cpeaHe1<saapaTH'iHOl"O paa11yca 

05JlaCTH 3MHCCl111 npoTOHOB <r2>1/2 OT 

cpeaHHX 11MnYJlbCOB l<OPP8Jll1POBaHHW< nap 

< P > = < IP +p I > an,i -rpex Raep-MHmeHeR: 
P i 2 

<12
C,131

Xe,
181

Ta). TeopeTH'iec1<11e pac'ieTU 

npoBOtl11Jll1Cb B npeanoJlOlK0Hl111 C¢>8Pl1'i8Cl<H­

Cl1MMeTPl1'iHOH ¢0PMU 05JlaCTH 3MHCC11H; ·an,i 

BP9M9HHOl"O napaMe-rpa nPl1Hl1MaJ10Cb 3Ha'ie-

HHe: CT=1¢>M. Bo ecex CJlY'iaS'lx ans:i 

CP8.tlHl1X 11MnYJlbCOB npOTOHOB B 11HTePBane 

<0.3-0.4> r3B/c 3Ha'iettHs:i cpeatte1<saapa­

TH'iHW< paaHYCOB 06JlaCTH HCnyc1<aHHS'I co­

OTB8TCTBYIOT cpeaHe1<eaapaTH'iHUM paa1-1ycaM 

-s:iaep-MHmetteH. Pa3M8PN 05JlaCTH Hcnyc1<aHHR 

MeaneHHW< f!l?OTOHOB <P < 0.3 r:>B/c> 

CHCTeMaTH'ieCJ<H 50Jlbme; ans:i caMlalX BUCOl<Hx' 

HMnYJlbCOB pa3M8PU 3aMeTHO M9Hbme 

pa3Mepos MHmeHH, 'iTO oco5eHtto xopomo 

BH,llHO B CJ1Y'ia8 s:iapa TaHTaJla. 

Ha5n~aaeMUe 3al<OHOM8PHOCTH MOlKHO CBS'l3aTb C YB8JlH'i9HH8M 

BPeMeHHUX HHTePBaJlOB npouecca 3MHCCHH <an,i MeaneHHlalX npoTOHOB) H C 

-YM8HbmettHeM nonepe'iHUX pa3M8POB 05JlaCTH 1-1cnyc1<aHHR <an,i npoTOHOB 

5UCTPW<). Pe3YJlbTaTU COOTBeTCTBeHHlalX pac'ieTOB no1<a3aHU Ha mJ<aJle C· 

npaBOH CTOPOHU PHCYHJ<a. ITpe,llCTaBJleHHUe TaM 3Ha'ieHHR BP8M8HHW< 

11tt-repsanoe npouecca :>MHCCHH, a Tal<lKe nonepe'iHUe pa3Mepu o.snacTH 

Hcnyc1<aHHR, aJlbTePHaTHBHUM nyreM no3B0JlS'IIOT o5~S'ICHHTb 

TaJlbHO Ha5n=aeMUe l<OPP8JlRUHOHHUe xapa1<TepHCTHl<H. 

:>1<cnep11Mett-

B l<OHUe l"JlaBU npoBOtlHTCR COBM9CTHUH aHaJlH3 pe3yJlbTaTOB 3TOH 

pa5o-ru H JlHTePaTYPHW< aaHHW<, tlOCTYnHW< B HaCTORmee BP9MR. ,ll.n,i 

cpastteHHR P83YJlbTaTOB pa3HlalX pa.SOT BBO.tlHTCR onpeaeneHHe: 
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PHC. 8. 3aBHCl1MOCTb OTHOCHTeJlb­

HlalX pa3M9POB r ret OT cpeaHHX 

HMnYJlbCOB npOTOHOB. 

r t= ,rz>t./2 / <rz>t./Z 
re "'r (4) 

r-ae ,r2
,

1
/

2 
- cpeaHeJCBaJ1paTH'iHUH 

AT 

paaHyc s:iapa-MHmeHH. Ha PHIC. 8 

npeaCTaBJleHa 3aBHCHMOCTb r ret OT 

·cpeaHHX 3Ha'i8HHH HMnYJlbCOB npo­

TOHOB. Pe3YJlbTaTU tlPYl"HX pa60T 

noaTB8PJKaalOT O!SmHe 3al<OHOM9PHOCTH, 

Ha5n10.gcieMUe B ttacTOs:imen pa!So-re. B 

'iaCTHOCTH, Ol<a3ueaeTCs:i, 'iTO pa3Me-

PU 05JlaCTH Hcnyc1<aH11R 

npoTOHOB CP > 0.3 r:>B/c) 

5UCTPW< 

3aBHCRT 

oT Macco_eor-o 'iHcna ,iapa-MHmeHH 

1<a1< Ai/S H no a5COJl~OH B8JlH'iHHe 

6JlH31<11 1"00M0TPH'i9Cl<HM pa3MePaM 

Rapa. np11 :>TOM He Ha5n~aaeTC,i 

cvmecTBeHHOI'! 3aBH C HMO C TH OT 

MaCcoeor-o 'iHcna ,iapa-cttap,iaa. 

8 3aK.Jil:NeHHH H3Jl0lK0HN OCHOBHN0 P83YJlbTaTU 11 BUBOtlN pa50Thl. 

I. npoeeaeH UHl<Jl 31<CneEHM0HTaJlbHlalX HCCJleaoBaHHH 

B3aHMOt18HCTBHH 1) BNnOJlH9HN 31<CnepHM9HTaJlbHN0 11ccneaoeaHHR 

n -Me30HOB C s:iapaMH l<CeHOHa B HHTepBane HMnYJlbCOB 2.34+9 r3B/c C 

noMomb~ M0TOtlHl<H nY3NPbl<OBlalX J<aMep. nonY'ieH HOBUH 3J<cnePHM0HTaJlbHUH 

MaTepHan H 05mHPHUe aaHHUe O xapa1<TePHCTH1<ax BTOPH'iHUX 'iaCTHU. nettTa 

CYMMaPHW< P83YJlbTaTOB 

1<0BaHN s·23 pa5o-rax. 

COt10PlKHT 6301 C05NTHe. Pe3yJlbTaTU onY5n11-

2) npoeeaeH aHaJlH3 YHHl<aJlbHOl"O l<Jlacca COISNTHH, B l<OTOPblX 

B3aHMOtleHCTBHe Hane-ra~eH 'iaCTHUN C RtlPOM He nPHBOtlHT I< o5pa30BaHH~ 

BTOPH'iHlalX 'iaCTHU, a TOJlbl<O 

Ha.sn=eH11e 11 
i 

BNaenett11e 3TOl"O 

I< HHTeHCHBHOH 

1<nacca COISNTHH 

3MHCCHH 

aano 

31<CnePHM0HTaJlbHO pa3,ll0JlHTb npouecc 3MHCCl111 HYJ<JlOHOB '11 

MHOlK0CTB0HHOH 1"0H0PaUH11 nHOHOB. OnpeaeneHN OCHOBHNe 

HYl<JlOHOB. 

B03MOlKHOCTb 

npoueccu 

CBOHCTBa 

BNaeneHHOl"O J<Jlacca COISNTHH. nonY'ieHHaR Jl8HTa CYMMaPHW< P83YJlbTaTOB 

coaepinfr 1212 COISUTHH. PedyJlbTaTU onY6Jll1l<OBaHN B 10 pa50TaX. 

3) H3Y'i8HN tlBVX'iaCTH'iHNe l<OPP8JlRUHH TOJK.QecTBeHHblX nHOHOB H 

nPOTOHOB, B o.snacTH MaJllalX OTHOCl1TeJlbHNX HMnYJlbCOB, C U0Jlb~ nonY'i8HHR 

HH¢0PMaUH11 0 npoc-rpaHCTB8HHO-BP8M0HHNX xapa1<TePHCTH1<ax HCCJ18tlY8Ml>IX 
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npoueccoa. HccneaoaaHHR npoaeaeHN anR ll!HPOI<Oro 1<pyr-a 

Bll.lleJIReMW<' no pa3HW1 4>H3H'ieCI<HH l<PHTePHRH. OraT11CT111<a 

aaHHNX, 

npoaHam-r-

3HPOBaHHoro· 3I<CnePHHeHTaJlbHOro .. HaTePHana COCTaBJIReT OI<ono 54000 

C05~H. Pe3ynbTa~ ony5nHI<OBaHN B 8 pa50Tax. 

II. BNnOJIHeHN HeTOaH'ieCI<He pa3pa60TI<H 

1) Co3aaHa nporpaMHa reoHeTPH'ieCI<OH pe1<0HCTPYI<UHH C05NTHR, 

3aperHCTPHPOBaHHNX Ha CHHMI<ax 180-nHTPOBOH I<CeHOHOBOR 

1<aHePN. 

nY3NPbl<OBOR 

2) Pa3pa50TaH HeTOa aHaJIH3a aayx'iaCTH'iHOR 1<oppenRUHOHHOR 4>YHl<UHH 
0 

IT - He30HOB, HaeHTH<t>HUHPOBaHHNX no H3HepeHHW1 xapa1<TePHCT111<aH 

y-I<BaHTOB, perHCTPHPYeHNX B I<CeHOHOBOH nY3NPbl<OBOR I<aMepe. 

3) Pa3pa60TaH HeTOa Y'ieTa 31<cnePHHeHTanbHNX 

onpeaeneHHH pa3Hepos oonacTH 

asyx'iacTH'iHNX 1<oppeJIRUHH. 

Hcnyc1<aHHR npoTOHOB 

III. nonY'ieHN HOBNe 4>H3H'ieCI<He pe3yJibTa~ 

YCJIOBHH 

no 

npH 

HeTOaY 

1> nonY'ieHN aaHHNe o xapa1<TepHcT111<ax Tl o - Me30HOB H npOTOHOB1 

Hcnyc1<aeHNX B IT -Xe CTOnI<HOBeHHRX nPH 3.5 r3B/C. npoaHaJIH3HPOBaHa 

3aBHCHHOCTb HHnYJlbCHNX H yr-nOBNX pacnpeaeneHHR BTOPH'iHNX 'iaCTHU OT 

c-reneHH ueHTPaJibHOCTl1 CTOJII<HOBeHHR. nonY'ieHN 3Ha'ieHHR napaHeTPOB 
0 

Hal<JIOHa HHl<JII03HBHNX cne1<TPOB IT -Me30HOB B na5oPaTOPHOH CHCTeHe 

l<OOPaHHaT H B T.H. CHCTeHe 00CHHHeTPH'iHOH 3MHCCHH". YCTaHOBJieHo, 'iTO 

anR annpOI<CHHaUHH HHI<nl03HBHNX cne1<TPOB 1T
0
-Me30HOB TPe5yeTCR onpe­

aeneHHe asyx 3Ha'ieHHR napaHeTPoB Ha1<n0Ha. 

2) BnepBNe Bll.lleneHN H npoaHanH3HPOBaHN C05NTHR OCTaHOBl<H nHOHOB 

c HHnYnbCaMH 3.5 r3B/C B Rape I<CeHoHa. CpeaHee 'iHCno npoTOHOB B 

Tal<Hx co5NTHRx oonbme 'ieH s asa pa3a npeBNmaeT .cpeaHee 'iHcno 

npOTOHOB B OCTanbHNX CnY'iaRx H COCTaBJIReT <N >=7.4±0.3. 
p 

3) BnePBNe HeTOa HHTeP4>0PeHUHOHHNX I<oppenRUHH 5Nn Hcnonb30BaH 

anR onpeaeneHHR pa3Hepos oonacTH reHePaUHH 1T
0

-He3oHOB H speHeHHNX 

HHTepsanos Hx 3MHCCHH. nonY'ieHHNe 3Ha'ieHHR anR cTOnI<HoseHHH IT-_ Xe 

npH 3.5 r3B/C, COCTaBnRIOT: 

,r2,1✓2 = 1.2 ± 0.3 4>H, 

4) OnpeaeneHN Pa3MepN 

CT - 0,8 +O.' ¢>H. 
-o. 9 

05JiaCTl1 Hcnyc1<aHHR npoTOHOB B 

CTOJII<HOBeHHRX IT - -Xe npH 3.5 r38/c, (
1

H,
2

H,'He,
12

0-C npH 4.2 r38/C 

Ha HYI<JIOH Hp-Ta npH 10 r38/c. npoaHaJIH3HPOBaHa 3aBHCHMOCTb pa3MepOB 

06JiaCTl1 Hcnvc1<aHHR OT HHnYJlbCOB npOTOHOB. 

5) BnepsNe H3Y'ieHN HHTeP4>0PeHUHOHHNe I<OPPeJIRUHH B aaPOHHNX 

CTPYRx, Bll.lleJIReHW< B IT -p H IT -C B3aHHOaeRCTBHRX npH 40r38/C. 
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6) BnePBNe onpeaeneHN pa3HePN oonacTH, 4>0PMHPOBaHHR 5aPHOHHNX 

. • .. · . 2 1/2. ~ 
I<JiaCTePOB B CTOJil<HOBeHHRX peJIRTl1BHCTCl<HX Raep: < r > = 2. 7±0. 5 4>H, 

anR CTOJII<HoseHHR. Raep vrnepoaa npH. 4.2 r38/c Ha HYI<JIOH. 

7) OnpeaeneHN pa3HePN H 4>0PHa 05JiaCTl1 HC~yc1<aHHR IT--He30HOB B 

ueHTPanbHNX 
12

C-<lJ CTOnI<HOBeHHRX nPH 3.66 A r3B anR pa_3_HNX 

HHTePBanoe 5NCTPOTH_oro pacnpeaeneHHR nHOHOB. 

IV. H3Y'ieHN CBORCTBa npoueccoe HHOll(eCTBeHHOro po~eHHR 

nHOHOB H HCnYCI<aHHR HYl<JIOHOB 

1> s· paMI<ax 1<sa3H1<naccH'iec1<oro noaxoaa ycTaHosneHo, 'iTO cvmec­

TBeHHWi napaHeTPoH, onpeaenR~llll-!H xoa npoueccoa Hcnyc1<aHHR HYJ<noHoe_ H 

HHOll(eCTBeHHOro po~eHHR nHOHOB B cTOnI<HOBeHHRX penRTHBHCTCl<HX aapo­

HOB C RaPaMH,RBJIReTCR TOJI!llliHa CJIOR BHYTPHRaepHoR HaTePHH Ha nYTH 

aaPOHa B Rape. Ee BHaHHNM HHaHI<aTOPOH RBnReTCR 

5NCTPNX (P > 0.3 r38/C) nPOTOHOB. 

HHOll(eCTBeHHOCTb 

2) TopHOll(eHHe aaPoHa B RaePHOR HaTePHH RBJIReTCR nocneaoeaTenbHO 

pa3BHBa~HCR npoueccOH. Ci<OPOCTl1 H3nY'ia~x BTOPH'iHNe nHOHN 

HCTO'iHHl<OB nocTeneHHO YM8Hbma=R no Hepe yeenH'ieHHR TOnI1111HN RaePHOR 

HaTePHH Ha nYTH HaneTalODl8R 'iaCTHUN B Rape. -TOPH03HaR 

Rapa xapaI<TePH3Y8TCR BenH'iHHOR:' t.y / f.Np - -0.081±0.003. 

cnOC0<5HOCTb 

4) CeoRCTBOH npouecca TOPHOll(eHHR RBnReTCR 3aBHCHHOCTb THna 
00npooer-3HePrHR00 noao5HO npoueccy TOPHOll(eHHR 3aPRll(eHHNX 'iaCTHU B 

HaTePHanax. tlnR 3H8Pr"HH HaneTa~mero aaPoHa e Hec1<onb1<0 r3B npouecc 

TOPHOll(eHHR HOll(8T nPHBeCTH I< OCTaHOBI<e aapoHa BHYTPH Rapa. 

5) B CTOnl<HOBeHHRX n--Xe nPH 3.5 r3B/c Ha5n~aaeTCR aea THna 

HCTO'iHHI<OB BTOPH'iHNX nHOHOB: nepBNR - c TeHn8PaTYPOH OI<OJIO 50 H3B; 

BTOPOH - C TeHnepaTYPOR 01<ono 140 H3B. 

6) npouecc HHOll(eCTB8HHOR reHepauHH nHOHOB no1<anH30BaH B 

o5nacTH, pa3HepN I<OTOPOR onpeaenR=R B OCHOBHOH pa3HepaMH 

IODlero aapoHa HJIH H8Hbmero H3 cTanI<HBa=xcR Raep. Pa3HePN 

Hane-ra­

oonacTH 

Hcnvc1<aHHR HYI<JIOHOB C HHnYnbcaMH HeHbme 1 r38/c He 3aBHCRT OT HaCCN 

penRTHBHCTCI<oro cHapRaa, a onPeaenR=R pa3HepaMH Rapa-MHmeHH. 

7) KHHeHaTH'ieCI<He xapaI<TePHCTHl<H HYI<nOHOB, Hcnyc1<aeHNX B HHTeP-

Bane HHnYJibCOB (0.15-1.0) r3B, OTPall(a~ 

CBORCTBa npouecca HX 3MHCCHH: 

nPOCTPaHCTBeHHO-BP8H8HHNe 

a - nepeoHa'iaJibHOR cTaaHH npouecca, pa3eHBa101118rocR nocneao-

BaTeJibHl,IM 05Pa30H eaonb TPaeI<TOPHH HaJieTalODlero CHaPRaa 

COnYTCTBY8T 3MHCCHR 5NCTPNX ( p > 0.4 r38/C ) HYl<JIOHOB; 

5 - pacll!HpeHHe nonepe'iHNX pa3Hepoa o5JiacTH HCnyc1<aHHR H 

yeenH'i8HHe BP8MeHHNX HHTePBaJIOB 3MHCCHH COOTB8TCTBY8T 
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B -

HcnycKaHH~ 5onee MeaneHHblX HYKnOHOB; 

HYKnOHY c HMnYnbcaMH B HHTepaane < 0.15 + 0.30 >r::>B/C 

HcnycKalOTCR H3 o5nacTH, pa3Mepy KOTOPOA paaHY HnH 

5onbme pa3Mepoa s:1apa-MHmeHH. 

8) Pa3MePY aaPOHHblX CTPYH, BYaens:1eMblX B o6nacTH ,i,parMeHTaLtHH 

Hane-ra~ero CHaps:1aa B aapott-aapoHHblX H aapoH-s:1aePHblX CTOnKHOBeHHRx, 
+ -coanaaaKlT H He oTnH'lalOTCR OT pa3Mepoa,non~aeMblX anR npoueccoa e e-

aHHHI"HnRLtHH. 3TOT pe3ynbTaT RBnReTCR YKa3aHHeM Ha He3aBHCHMOCTb 

aHHaMH'!eCKHX CBOACTB npoueccoa aapoHH3aLtHH KBaPKOB 

CHCTGM OT HX nPQHCXOJKtieHHR. 

9) Pa3MePY 6apHOHHblX KnaCTePOB, BYaens:1eMblX 

H KBaPKOBblX 

B o6nacTH 

,i,parMeHTaLtHH s:1apa-MHmeHH, He 3aaHCRT OT THna Hane-ra~mero cHaPRaa. 

BenH'IHHa HX 

s:1apa- MHWGHH. 

pa3M8POB COOTBeTCTByeT npH5nH3HTGnbHO pa3MepaM 

10) ArlR nHOHOB,HcnycKaeMblX B Lt8HTPanbHOA o5nacTH HX 

pacnpeaeneHHR,4>0PMa H pa3MePY o6nacTH HX 3MHCCHH B 

61,iCTPOTHOI"O 

ueHTPanbHblX 

s:1ap0-s:1aePHblX CTOnKHOBeHHSIX cvmecTBeHHO MeHRIO'T'CSI 

cHaPRaa. 

C POCTOM ::>HePI"HH 

TaKHM o6pa30M, 06HapY)KeH ps:1a xapaKTePHblX caoAcTB npoueccoa 

MHO~eCTBGHHOI"O POJKtleHHR nHOHOB H HcnycKaHHSI HYKnOHOB. non~eHHYe 

pe3ynbTaTY no3BOnHnH ycTaHOBHTb CBSl3H MelKtlY CBOUCTBaMH s:1apa-MHmeHH H 

xapaKTGPHCTHKaMH HcnycKaeMblX npoTOHOB, aanH B03MO-OCTb pa3aenHTb 

npouecc 3MHCCHH HYKnOHOB H npoueccY MHO~ecTBeHHOA I"eHepat.tHH nHOHOB, 

no3aonHnH npoaHanH3HPOBaTb npOCTPaHCTBeHHO-BPGMeHHOe 

HccneayeMblX npoueccoa. 
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