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Ynpyroe paccesrnne qac:Tnu npn BbICOKHX aaeprm1x srnmieTcsi 

OJWHM ll3 OCHOBHblX BonpocoB B. IFll3HKe CHnbHblX B3aHMOAell:cTBHu. 

3To o6ycnoBnHBaeTcSI TeM, 'ITO ~aK AByxqacTH'IHblH npouecc ynpy

ro~ paccesiHHe SIBnSieTCSI KHHeMaTH'leC~ll npocTeumnM BHAOM peaK

Ullll, a ero H3y'leHHe - KpaTqafimHM ny,:eM nnsi nccnenoBaHHS! 

· npocTpaHCTBeHHOH CTpyKTypbl paccenBa10mero ueHTpa. 

HaMepeHne nnifiifiepeHunanb~oro ceqeHnsi ynpyroro pacceSIHHSI 

qacTHU Bb!COKOH aHeprHH npn ManbIX nepenaHHblX HMnynbcax npen

CTaBnSieT 6onblli0H $H3H'leCKHH . HUTepec, HOO Il03BOnSieT onpenenHTb 

napaMeTp aaKnoHa nnifipaKuHoHHoro KoHyca·, KpoMe Toro, npif Manon 

nepenaqe HMnynbca HMeeTcsi B03MO)KHOC:Tb 11enocpencTBeHHO naMe

pHTb HHTepifiepeHUHIO SIAepHoro ll KynoHOBCKOro B3aHMOAeficT~HH ll 

TeM CaMblM onpenennTb KaK BenH'IHHY, TaK ll 3HaK BemecTBe!IHOH 

qacTH aMnnHTYAhI ynpyroro paccesiHHSI Bnepen ( t ➔ 0 t 

KBaApaT qeTb1pexMepHoro nepenaaaoro nMnynbca), 3Kcnepm..1e11Tanb

aoe H3y'leHHe aToro Bonpoca CBSl38HO C TpyAHOCTS!Mll perHCTpaUHH 
. 2 

paccesiHHhIX qacTHu Ha o'lellb Manb1e yrnb1 - \ t \ ~. 0,01 ( raB./ c) • 
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11ccneaoBaHne pacces!HHSI 6b!CTpb!X npoTOHOB Ha aeiiTpottax 

nMeeT uenbIO rronyqeHne cBeaeHHtt o pacceHHHH Ha HeaTpoHe, a 

TaK)Ke H O CTpyKType aeaTpoHa, BbICOKaH 3Hepnrn ycKopeHHoro 

rrpoToHa II03BOnSieT nccneaoBaTb B3aHMoaeiiCTBHH C OTaenbffbIMH 

HyKnoHaMH B Siape n na ocHoBe r.:rnaenn fnay6epa onpeaennTb rrapa

MeTp HaKnoHa H B9ll!eCTB9HHYIO qacTb aMrrnHTY/:lbl yrrpyroro p- n 

pacceHHHH Brrepea, 

11ayqenne yrrpyroro p-p n p-d pacceHHHH Ha Manb1e yr.n;h1 

B aHepreTnqeCKOM HHT9pBane 1 - 70 f35 B na6opaTOpHOii CHCTeMe 

/1-17/ 
rrpoBoannoch c yqacTneM aBTopa c 1964 no 1971 r, • HeKo-

Topb1e peaynbTaTb! 3THX nccneaoBaHHH 6b1m1 aonO)K9Hhl Ha Me~ay

HapoaHh!X KomfiepeHUHHX no cpnanKe Bb!COKHX 3Heprntt B .Qy6He 

( 1964), nynae ( 1969), KneBe ( 1970), .UpeaaeHe ( 1971), AMcTep

aaMe ( 1971), 

HacTOSill!aH anccepTaUHH IIO.CBHU!9Ha 3Kci:repnMeHTanbHOMY 

nccne.C10BaHn10 yrrpyroro p-p H p-d pacceSIHHH rrpn sHeprHHX 

50, 15 n 70 fsB B o6nacTH rrepBoro ancjJpaKUHOHHOro MaKCHMyMa, 

qTo noaBonnno orrpeaenHTb rrapaMeTp HaKnoHa ancppaKUHOHHOI'O KOHyca 

H B9ll!eCTB9HHYIO qacTb aMrrnHTY!lhl N-N H p-d pacceSIHHH, 3Kcrrepn

M9HTbl Bb!ITOnHSinHCb Ha ycKopHTene Y-70 11HCTHTyTa cpH3HKH 

Bb!COKHX 3Heprnii ( CeprryxoB) H na6opaTopnn Bh!COKHX 3Heprnii 

O61,eanHeHHOI'O HHCTHTyTa smepHblX nccneaoBaHHH (.Uy6na). OcHOB

Hb!9 peaynhTaTbI, nonyqeJIHbl9 B 3THX 3KCIIepHM9HTax, ony6nnKo-

/l 3,-16/ 
B8Hhl B pa6oTax • 

.QnccepTBUHH COCTOHT H3 BBe.QeHHSI, IISITH rnaB H 3aKn10qeHHH, 

· B II e p BO il: r n a Be paccMaTpHBaIOTCSI HeKOTOpbre Teope

THqecKne BOIIpOCbl yrrpyroro N-N H p-d pacceSIHHSI, O6cy)K.Q69TCH BHJ:l 
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aMnnnTy!lhI n rroBeaettne ancpcjJepenunanbHoro ceqeHHSI yrrpyroro 

pacceHHHSI B aaBHCHMOCTH OT KBa.QpaTa qeTbrpexMepHoro rrepeaaH

Horo nMrrynbca t 

3KCIIepnMeHThI, rrpoB0}:lHMb!9 npn Bb!COKHX 3HeprHHX, noKa-

3bIBaJOT, qTo ancpcjJepenunanbHoe ceqettne yrrpyroro pacceHHHH npn 

aa,QaHHOH rrepBHqffoil: sHeprnn B o6naCTH ManbIX yrnoB pacceHHHH 

y6hIB89T c pocTOM I t I , T,e, cymecTByeT TaK HaabmaeMbiil: ancp- · 

paKUHOHHhiii nnK Brrepea. Xopolllee rrapaMeTpnqecKoe npeac'i'aBneHne 

KpHBOil: ancpcpepeHunanbHoro ceqeJIHH B H9HHTepcjJepeHuHOHHOH o6nac

TH ancppaKUHOHHOI'O MaKCHMyMa aaeT Bblpa)KeJine 

ITapaMeTp 

ro rrnKa -

du 

dt 

du 2 ( J7") t= 
0 

exp ( b J t + c J t ) .. 

d 
bJ = dt (fn du/dt ),=a orrpeaenSieT paaMep a11cjJpaKunoHHo-

ero lI!HpHHa t,,,. f ea _J_ 
e bJ 

11aMepenne ancpcjJepeHunanbHhIX ceqettnil: npn Manhrx attaqeffl!SIX 

yrna pacceSIHHSI (HecKonhKO MnnnnpaanaH), rae rrpo11cxoanT HHTep

cpepenunSI Me)KJ:ly SI,C19pHOii H KynoHOBCKOH qaCTSIMH aMnnnTy}:lhl pac

ceSIHHSI, no3BOnSieT orrpeaenHTb KaK Bennqnny, TaK H 3HaK OTHOllle

HIISI Bell!eCTBeHHOil: H MHHMOil: qacTett aMnnHTY/:lhl yrrpyroro pacceSI

HHH a 

Ananna sKcrrepnMeHTanhHhIX aaHHhIX no nccnea0Bann10 yrrpyro-

ro P-P H p-d B38HMoaettCTBHH rrpoBoanncH no HHTepcjJepeHUHOH
/ 18/ 

Hoil: cjJopMyne EeTe 

da 
7n 

2 2 2 rl. · 
C[ F ( 1 + {3) + F + F - 2 F ( F + 2n F fn ..Z..)]. , ( 1) 

J RC CR J 0 

5 



---- 1 1 
. FJ ( t) = y'(~; ) opt exp (2 b J t + 2 c J t 

2
) 

- MHHM8H 'I8CTb 

FR = a F J - .QeficTBHTenbHaH 'IaCTb 
aMIInHTY/lbl pacceHHml; 

a:vmnnTYllhI pacceHHHHi 
Fe (t) = - ln,F{t)exp(-:io) - 8MIInHTy.Qa ;;:y-

. 1 1 2. 
nOHOBCKoro pacceHHHHi F ( 0 = exp ( 2 b J t 4- 2cJt J- cjlopMcpaKTOp 

z z e 2 

uyKnoua; n = 1 2 • ; z e, .z e - sneKTpn'IeCKHfi 

h cf1. na6. 1 2 
~japHll HaneTaromen 'IaCTHllbl Ii tJaCTHUbl MHll!eHH; fJ na6- CKOpOCTb 

,wneTaIOIUefi tJaCTHllbl B na6opaTopHOU CIICTeMe KOOpllHHaT; 

e2 . 
f"; = 1/ 137,04 - IIOCTOHHHaH TOHKOfi CTpyKTypbl; 

0 = 2nfn .:J:.. 0 , 
1. f)6 

cf,= T7,. ( 2) 

k 
-1 

( qiepMH )_ - BOnHOBOfi BeKTOP B c.u.n,; a (q>epMH) -
rne 

pam1yc o6nacTH cnm,Horo B3aHMO.QeficTBnH;_ 
0 ( pa.QH8Hbl) -

yron pacceHHHH B C,U,H, 

CllBHr <pa3bl ( 2) BaxmH .QnH 0 < 4> ( o~nacTb, B KOTOpOH 

KynOHOBCKaH HHTepqiepeHUHH Hatt6onee 3H8'IHTenbHa), l]nH 0 > cp 

KaK rroKaaan 6eTe, M0)l(HO rrpHHHMaTb O = 0 . 

TTapaMeTp fJ rrpn6nH)l(8HHO Y'IHTbIBaeT 3aBHCHMOCTb pacceH-

HHH OT crrHHOB 'IaCTHU, EcnH fJ. >_ o , ,TO H.QepHaH 'IaCTb 

da/ dil I rrpeBhlll!aeT orrTn'IecKyro TO'IKY ( d aldn) 
0 ➔ 0 opt 

B 'IHCTO .QHqJpaKUHOHHOM rrpn6nH)l(.eHHH, 

,Qa)l(e 

MHO)l(HTenb C B qiopMyne ("I) aae: B03MO)l(HOCTb OIIHCb!BaTb 

.QHcjlcjlepeHUHallbHbl8 ce'IeHHH, 3a.QaHHbie B rrpOII3BOnbHbIX ( OTHOCHTenb-

Hb!X) e/lHHHUaX, Ecnn HMeIOTCH 3Ha'IeHHH .QliiptpepenunanbHblX cetJe

HHfi B a6con10THblX emrnnuax, TO OH y'IHTbJBaeT TO'IHOCTb a6con10THO-

ro MOHHTopnpoBa_HHH, 

6 

Hccne.QoBaHne yrrpyroro pacceHHHH na .QefiTpoHe MO)l(HO 

ncrronb30BaTb C uenb!O BbI'IHCneunH rrapaMeTpa HaKnoHa .QHcjlpaKUIIOH

HOro KOHyca II OTHOll!eHHH ,QeficTBHTenbHOfi K MHHMofi 'IaCTH aMIInIITy-

/lbl p-n pacceHHHH Ha ocHoBe Mo.Qenn fnay6epa .QnH MHoroKpaTHo

/19/ 
ro pacceHHHH 

Bo BTOpofi rnaBe ,QHCCepTaUHH C.QenaH KpaTKHfi o6aop 

sKcrrepnMeHTanbHhlX pa6oT · rro nccne.Qoaannro yrrpyroro N-N n p-d 

pacceHHHH c Manofi rrepe.Qa'Iefi HMrrynbca B o6nacTH sµeprnn Bhlll!e 

f9B, 

f n a Ba T p e Tb H nocBSIIUeHa MeTo.QHKe 9KCIIepHMeHTa; B 

.QaHHOM 9KCII8pHM8HTe ncrronb30Banocb .QBa BR/la MHll!eHefi ll .QBa 

· BH.Qa .QeTeKTOpOB 'IaCTlIU OT.Qa'In: rrneHO'IHaSI . MHll!e.Hb (.QeTeKTOP .:. 

SI.QepHbl8 9MynbCUH) ll CBepX3ByKOBaSI ra30BaSI .QefiTepneBaSI Mlllll8Hb 

( B Kati:ecTBe .QeTeKTOpOB BTOpll'IHbIX 'IaCTllU B 9TOM cny'Iae cny)l(HnH 

rronyrrpoBO/lHHKOBbl8 C'I8T'IHKH), 

O6umfi Bllll 9KCrrepHM8HTanbHOH ·ycTaHOBKH IIOKa3aH Ha pnc. 1. 

BHyTpeHHllfi rry'IOK rrpoTOHOB Bapnaunefi BblCOKOfi 'IaCTOTbl HaB0.QllnCSI 

. . . . . 2 . 
Ha TOHKY!O rron.H9THneHOBY!O Mlllll8Hb C paaMepaMH ( 40x7) MM ll 

·-i:onIUHHOfi = 0,8 MKM, BepTHKanbHO IIO/l KaMepofi ycKOpHTenH B TOM 

MeCTe, rile pacrrono)l(eHa MHlll8Hb, Haxo_.QHTCSI BaKyyMHblH KoHycoo6-

. pa3Hblli Kanan - .HOHOIIpOBO/l, B KOTOpblli rrorra.Qa!OT BTOpll'IHbie 'Iac-

TllUhl, 06paay101UnecS1 B peaynbTaTe B3aHMOlleficTBHH ycKopeHHblX 
. . . - - \ 

rrpOTOHOB C newecTBOM MHlll8Hll, Ha Tqpue HOHOIIpOBO.Qa pacrronara-

nHCb .QeTeKTOpbl 'IaCTllU - cjJOT09MynbCllOHHbie KaMepbI, IIO~TaBneH

Hbie B ·KacceTbl A' a; C. 1]. 

CaMhie KopoTKorrpooe)l(Hb1e tJacTHUbl perncTpnpoaanncb KaMe

paMn: A ll B, r.Qe 9MynbCHOHHbie cnon pacrro.naran~cb rreprrek.QnJ~nSipHO 

(". 
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HarrpaBneHIIIO HX nBm1mHm1. DnH perncTpau1rn "18CTlfll oTna"lll, Bbme

TeBUIIIX B yrnoBOM llHTepBane 79, 17° - 83,87°, llCIIOllb30B8llllCb 

KaMephI C n n, rne cnon 6bmH pacnono)KeHbI napannenbHO ttanpaBneHmo 

nBH)KeHHH "18CTHU oTnaqn.HaMepeHHH nnHHbl OCTBHOBllBIIIHXC!I BTOPH"IHblX 

"18CTHU B 9MynbCHOHHblX cno11x np0Bon11nncb o6b1"1Hb1Mll 6nH0Kyn11pHblMII 

MHKpOCKOIIBMII rrocpencTBOM nHnHKBTopoB C TO"IHOCTblO = 2 MKM 1m11 

rrp11 IIOMOIUH KOopnHHBTHOH ceTKH rrpn napannenbHOM o6nyqeHHll p 

TO"IHOCTblO = 60 MKM. C uenblO CHH31!Tb OTHOCHTenbHYIO OIIJH6Ky 

B H3MepeHHH nnnH cnenoB "IBCTIIU, II8l1810IUIIX nepneHnHKynHpHO K 

rrnoCKOCTII 9MynbCHOHHOro cno11, 8 T8K)Ke IIOBblCHTb a<p¢eKTHBHOCTb 

IIOllCKB KOpoTKHX (= 10. MKM) cne.ttoB HBMH ncnonb30B8lll1Cb paa6aBneH

Hbie )KenaTHHOM aMynbCHH , B KOTOpble npn <ji'oTOXllMl!"leCKOH o6pa-

6oTKe BBo.ttnncH HanonHHTenb. 3To rrpnBonnno K nony"leHHIO xoa<ji<ji-

uneHTa ycanK11 k = 0, 7 t- 0,5. 
ye 

Co6b!THH yrrpyroro p-p H p-d pacceHHHH Ha.tte)KH_O Bb1nen11-

lll1Cb no KHHeMBTH"leCKOil CB!13ll yron-aHeprn11 npOTOHB (nefiTpoHa) 

oTna"ln. non orrpeneneHHblM yrnoM K MllllleHH B aHepreTH"leCKOM 

crreKTpe BTOpH"IHblX "IBCTHU Ha6n10.ttaeTCH IIHK, COOTBeTCTBYIOIUHil 

ynpyroMy paccesrnmo ( pnc, 2). 

Ha6n10naeMa11 lllllpHHB HMnynbCHblX cneKTpoB o6ycnoBIIl!B8el'

CH B OCHOBHOM cne,ttylOIUHMH IIpH"lllHBMll! yrnOBblM n aHepreTH"leCKHM 

paa6pOCOM ny"IKB, HeTO"le"IHOCTblO MHllleHn n neTeKTopa, MHoroKpaT

HblM pacceHHlleM "IBCTIIU oTna"IH B MHllleHI! ll 9MYIIbCIIII, 

~OH (aa111TpnxoBaHHaH "IBCTb.HB p11c, 2) B03HHKaeT npenMy

mecTBeHHO 38 C"leT Heynpyrnx B38HMonefiCTBHH npoToHa C HnpaMH 

yrnepona MnweHn, ITpn pa6oTe c qncToil nefiTepneBoil MHllleHblO <jioH 

IIO!IBnHeTCH H3-38 B38l!MoneilCTBHH rrepBH"IHOro ny"IK8 C OCTBTO"IHb!M 

raaoM B KaMepe H C KOHCTpyKUllHMH ycKopnTenH. 

8 

C IICIIOIIb30B8HlleM raaOBOil neihepneBOII Ml!llleHn 6bm. ycTpa-

Hett rnaBHhlR llCTO"IHIIK ¢oHa - yrnepon B rrneHO"IHOil Ml!llleHH n 

coananncb ycnoBHH nnsi 11aMepeHHH nncpcpe peHu11anbHbIX ce"leH11il yrrpy

roro paccesiHIIH no JtJ = 0,002 (faB/c) 2• 

ITonyrrpOBOUHIIKOBbie neTeKTOpb! 1!3MepHnll yrnbI 9Ml!CCHll H 

9HeprHIO BTOpH"IHblX "18C.Tllll, KonnpylOIUaH aneKTpOHH8H ClleKTpOMeT

p11qeCK8H anrrapaTypa 6hma CBH3aHa c 3BM 63CM-3M, KoTopasi 

ocymecTBnHna rrpenBapHTenbHYIO o6pa6oTKY HH<pOpMBUHll H aanHCb 

ee Ha MarHllTHYIO ,1eHTY nnsi nanbtte11111eil o6pa6oTKH. 

3KcnepHMeHTanbHbie peaynbTBTbI, nony"leHHble B pa6oTax, KOTO

pb!e BOWIIll B nnccepTaunio, H3II0:1KeHhl B 'I e TB e p TO il r n a Be. 

HaMH 6bmo nay"letto ynpyroe paccesimxe rrpoTOHOB Ha npoToHax B 

( 
I I ( 2 nHTepBane 0,0025:S tf: :S 0,1200) faB/c) npn aueprnn ycKopeH-

Horo ny"IKa 50 faB H yrrpyroe p-d paccesrnne B cnenyID:unx HHTep-

Banax rrepenaHHbIX 11M11ynbcoB n aHeprun: 

<0,00244 .s; It is 
. 2 

0, 173) (faB/c) , E 1 = 70 faB; 

<0,002 :s It i :s 0,005) -
,, - E 2 = 15 faB; ' 

(0,002 :sltl:s 0,005) - " - ' 
E 3 = 70 faB. 

Dmj',cpepeHUHaIIbHbie Ce"leHHH onpenenHnl!Cb B OTHOCHTenbHblX enHHH-

uax. 

ITony"leHHble naHHbie OIIllCblB8IIl!Cb <popMynoil ( 1). MeTo.ttoM 

·uanMeHhlllHX KBanpaTOB Bbl"IHCIIHIIllCb napaMeTpb! C • a ' b • 
J 

c • OnHoBpeMeHuoe orrpenenettne C H a ( T,e. a6conlOTHBH 
J 

HOpMHpOBKB nmjicpepeHUIIBIIbHOro ce"leHHH ll Bbl"IIICIIeHl!e peanbHOH 

"laCTll 8MIIm1Tyllbl_ pacceHHHH) B cymecTBeHHOil Mepe o6ycnDBIIHBa-

eTCH aHaHneM onTH"lecKoil TO"IKH ( da/ dOJ opt • Ecnn 

( ~a I dil} opt C"ll!TBTb HeHaBeCTHOil BenH"lllHoil n BKlllO"IBTb B "lncno 

HCKOMblX napaMeTpoB, TO TO"IHOCTb onpeneneHHH C ll a pe3KO 

nanaeT ll peaynbT8T CT8HOBHTCH HeHane)l{HbIM. 
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B ,rnccepTaunn npnBO.QSITCSI Ta6nHUbl H3MepeHHblX .Qmjicf,epeH

unanbHblX ce11eanii. 

ITony11eHb1 cne.Qy10:nne peaynhTaTb1: 

a = - O, 100 ::!:. 0,052; 
. ( )-2 bJ = 11,17 ::!:. 0,30 fsB/c ; 

C = .1,002 ::!:. 0,034 

.Qm1 y11pyroro p-p B3aHMO.QeiicTBHSI npn saeprnn 50 fsB. 

B npe.Qenax TO'IHOCTH .QaHHoro sxcnepnMeHTa n nccne.QyeMoii 

o6nacTn 110 KBa.QpaTy 11epe.QaHHoro HM11ynhca 0,00249 ~ I t I :S. 0, 12 
2 

(fsB/c) aaBHCHMOCTb JlH#epeHunanbHOro Ce'IeHHSI BHe xynoHOBC-

KOH o6nacTn ( jtj > 0,01 (fsBlc/) en 1..2..:. = f(t) oxaaanacb 
- dt 

nnaeiiaoii n 11apaMeTp c 6bm aacf,nxcnpoBaH paBHbIM ayn10. ITy-
J 

TeM HHTerpnpoBaHHSI B HHTepBane no It I oT 0,003 .QO 0,8 
. 2 ' . 

(fsB/c) 6b1no onpe.Qeneao nonaoe ce11e~ne -ynpyroro paccesrHnsr 

a ee = (6,9 ::!:_ 0,2) M6H •. 

ITonytieHHbl0 .QnSI p.,- d pacceSIHHSI 3H8'I0HHSI, napaMeTpOB 

11pnBe.QeHbI B Ta6nnue 1. 

Ta6nnua 

3aa11eansr 11,9paMeTpoB C , a pd • b J n c J .Qnsr y11pyroro 

p-d paccesransr 

E, fsB C apd 
· b ( fsB ,-2 C (fu_} -4 

J C J C 

70 1,045::!:.0,025 -0, 126:!:_D,063 40, 7;!:_0, 7 70,3;!:_5,3 

15 1,002:!:.0,015 -0,257::!:_0,045 37,9;!:_0,4 50 cf,nKc. 

70 1,025::!:.0,016 -0, 104::!:_0,048 41,0;!:_0,.6 50 cf,nxc. 
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ITonaoe ce11eane y11pyroro p-d paccesransr npn 70 fsB paBHo: 

a.f = (712 ::!:_ 0,3) MfiH. 

Ha ocHoBe MOJlenn _fnay6epa 1191 ,6blnn O11pe.Qenenb1 oTnome

Hl!SI BemecTBehHOfi tiaCTH aMnnHTY.Qbl y11pyroro p-n paccesrHHSI K 

MHl!Moii, KOTOpble llpHBe.QeHbl ,B Ta6nnue 2. 

. E ( fsB) 
KHH 

Ta6nnua 2 

a pn 

Bn.Q .QeTeKTopa 
'IBCTHU OT.Qa'IH 

15 

70 

70 

-0,265 :!:. 0,093 
11onynpOBO.QHHKOBbie 

C'IeT'IHKH 

-0,099 :!:. 0, 103 

-0, 146 ::!:. 0, 134 cf,oTOSMynhCHH 

nnsr napaMeTpa Haxnoaa .Qncf,pakunoaaoro Koayca p-n pac-

cestHHSI H3 onbITB C sMynh9noHHbIMH KaMepaMn, r.Qe nccne.Q_oBaline 

aenoch B cpaBHHTenhHo 6onhw·oM HHTepBane no t - 0,00244::; It I::; 
2 . . 

~ 0,-173 (fsB/c) , 6bJnO aaii.QeHO 3HB'IeHne 

b . -2 
pn = (11,33 :!:_0,30)_ (fsB/c) • 

B IISITOii rnaBe 06cy')K.Qa10TCSI Hamn peaynhTaTbl H 

cpaBHIIBaIOTCSI C peaynbTaTaMH Jlpyr1Ix aBTOpOB, 

Ha pnc. 3 np1IBeaeaa COBOKyllHOCTb ony6nHKOB8HHblX AaHHbIX 

110 napaMeTpy aaxnoaa an¢¢epeaunanhHblx ce11eanfi ynpyroro p-p 

paccestHIISI B o6nacTn ManhIX nepe.Qa'I HMnynhCOB - It I ~- 0,30 

( fsB/ C) 
2

• PeaynhTaT .QaHHOH pa60Tbl, nol!y'IeHHblll npn • E =50 fsB, 

. 6 /8/ 
cornacyeTCSI C peaynhTaTOM pa OTbl II noaTBep)K.QaeT BblBOA 

0 Cy)KeHHII AIIcf,paKUIIOHHoro KOHyca P-P BaanMo.QeficTBIISI II 0 

BoapacTaHIIH pa.QIIYCa cnnhHoro BaanMoAeiicTBnst c pocToM saepr1In, 
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3TH peaynbT8Tbl OTpnua10T B03M0)KH0CTb cymecTBOBaHHH BaKyyM

Hoii TpaeKTopnn C HaKnOHOM, 6nH3KHM K Hyn10. ITouo6naH KapTHHa 

na6n10uaeTCH H B ITOBelleHHH napaMeTpa HaKnoHa llHcppaKUHOHHoro 

KoHyca p-n pacceHHHH, B npeuenax own6oK napaMeTpb1 HaKno-

HOB p-p H p-n pacceHHHH npn E = 70 faB c0Bnaua10T: 

(0,01~ !t!i0,120) (faB/c)
2 

18/ 

bPP 
J 

-2 .< 11,4 :!:. 0,1) (faB/c) -

( pa6oTa ) ; 
pn -2 . . 2 

b J = (11,33 :!:,0,30)(faB/c) - ( 0,0l~lt!::: 0,173)(faB/c) 

( ll8HH8H pa6oTa) • ' 

Puc, 4 ueMOHCTpnpyeT aHepreTH'IeCKyIO 38BHCHMOCTb napaMeT

pa HaKnoHa uncppaKuHOHHoro KoHyca p-d paccemrnH, 

ITony'IeHHhie 3KCITepHM8HTanbHbie peaynbTaTbi O b PP MO)KHO 
J ' 

COITOCTaBHTb co cneuCTBHHMH, BbITeKa10tuHMH H3 o6mux npununnoB 

COBP8M8Hli0ll Teopnu, B 'IaCTHOCTH, aKcnepuMenTanbHO npoBepHTb Bbl

BOU O TOM, 'ITO npn Bb!COKHX aHeprHHX napaMeTp HaKnona llH!pcpepeH

unanbHoro ceqennH ynpyroro pacceHHHH 'IacTuu He llOn)KeH Boapac-

2 /20,21/ 
TaTb c pocTOM aHepruu 6b1cTpee 'IeM fn S • Hawn pe-

aynbTaThI ne rrpoTHBope'IaT 3TOMY BblBOlly, 

/15/ 
PeaynhTaTbl uannoii pa6oTbl . no H3Mepenu10 OTHOWeHHH 

ueiicTBHTenhHOil 'I8CTH aMnnnTyllhl ynpyroro P-P pacceHHHH K 

MHHMoii npn aHeprnu E = 50 faB cornacy10TcH c uncnepcnoHHbIMH 

/22/ . 
pac'IeTaMH pa60Tbi • a T8K)Ke B rpaHnuax OWH60K H C peaynb-, 

I 101 
TaTaMH upyrnx 3KCnepnMeHTOB ( pnc. 5) • 

a d cpaB-
P /24/ 

HlIB8IOTCH C uncnepCHOHHblMH pac'!eTaMH, cuenaHHbIMH B pa6oTe 

ITony'IeHHbie HaMH aKcnepuMeHT8l,lbHbie J::t8HHbie no 

(pnc, 6), 

PeaynhTaTbi Bcex ony6nHKOBaHHbIX aKcnepnMeHTOB npu 

p 2:. 1 faB/c no a pn BMecTe c nony'IeHHbIMH B llBHHOii pa6oTe 

12 

noKa38Hbl na puc, 7. 3TH 3KCnepHM8HTanbHbie peaynhTaTbi MoryT: 

HenricpeucTBeHHO cpaBHHB8TbCH C TeopeTH'I8CKHMH pacqeTaMn; 
• /23,25/ 

cuenaHHblMH na OCHOBe uucnepCHOHHbIX COOTHOWeHHH • H 

cny)KHTb unH HX npoBepKH, ITpoBepKa uncnepcHOHHblX COOTHOWeHHii 

B 3TOM cnyqae 38BHCHT OT TO'IHOCTU: C KOTopofi npHMeneHa Mouenb 

fnay6epa B o6naCTH Bb!COKHX 3Heprnii unH Bbl'IHCneHHSI a pn no Bbi'IHTa

TenbHOii npoueuype pd-pp peaKunn. BnuHo·, 'ITO Bee aKcnepnMeH

TanhHble 3Ha'IeHHH a pn B anepreTH'IeCKOM HHTepBane OT 1 )lo 

/23 25/ 
20 faB cornacy10TCH C TeopeTH'I8CKHMH pacqeTaMH I • Peaynb-

TaTbI, nony'IeHHbie HaMH B ·. llBYX HeaaBHCHMblX 3KCnepnMeHTax npu 

E = 70 faB, B rpammax own6oK c0Bnaua10T Me)Kuy co6oii, a TaK)Ke 

, /25/ 
C TeopeTH'IeCKHMH npel!CK838HHHMH pa60Tbl 

OcHOSHbie peaynhTaTbI H BblBOllbl 

MeTOllOM cneKTpoMeTpnposamrn MeuneHHbIX 'I8CTHU OTJ::t8'IH, 06pa

ay10mnxcsr na BHyTpenneii MHUieHn ycKopnTenH, nay'IeHo ynpyroe p-p 

pacceHHHe npn aHeprnn 50 fas H p-d pacceHHHe npn aHeprnHx 

1~ H 70 fas. MeTOJ::t npHMeHeH B J::tsyx MOJ::tH!pHK8llHHX: npn ncnonb30-

saHHH TOHKOii nonnaTHneHosoii MHllleHH C aMynbCHOHHblMH KaMepaMH -

-perncTpaTopaMH H J::teiiTepHeBoii CTpyfiHoii MHW8HH C nonynpoBOJ::tHH

KOBb!MH J::(eTeKTOpaMH, coeJ::tHHeHHblMH c 3BM "on fine " .. 

11aMepeHbl J::tH!p!pepeHunanhHbie ce'IeHHH B o6naCTH J::tH!ppaKUHOHHoro 

ITHK8 H KynOHOBCKOro pacceHHHSI, 

AHanna aKcnepHMeHTanbHblX J::t8HHblX IT03BOnHn nony'IHTb OTHowe

HHe a BemecTBeHHOfi 'I8CTH aMnnHTYJ::tbl pacceSIHHH K MHHMoii, HaKnoH 

J::tHcppaKuno~Horo KOHyca bJ, nonnoe ce'IeHne ynpyroro pacceHHHH 

a .f J::tnH npoueccoB pp ➔ pp , pd ➔ pd , · pn ➔ pn 
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ITony'IeHHbJe HBMH B /lBHHOH pa6oTe 9KCnepHMeHTanbHbie pe-

3ynhTBTbl no noBe}leHmo napaMeTpOB HaKnOHa /lHq>paKUHOHHoro KOHyca 

ynpyroro N-N H p-d pacce1rnm1 B o6nacTH ManbIX yrnoB pacceH-

HHH H no noBe}leHmo q>a3b! aMnnHTYll N-N u p-d rrpoueccoB B6nH3H 

HynH rpa}lyCoB (B o6nacTH HHTepqiepeHUHH lI/lepHoro H KynOHOBCKoro 

pacceHHl!lI) He rrpoTHBope'IaT Bb!Bo/laM aKCHOMBTH'IecKoii TeopHH rronH: 

a) rrapa)~eTp HaKnona /lHq>q>epenuHanhHoro ceqeHHH ynpyroro 

paccelIHlflI 'IBCTl!ll He /lOmlrnH pacTH c SHeprHeii 6bICTpee 'IeM e,/s 
2 

bJ< fn S; 

6) 9KCrrepHMeHTBnhHbie pe3ynbTBTbl IIO OTHOIHenmo }leHCTBHTenb-

/lOH 'I8CTH aMnnHTYllbl pacceHHHlI K MHHMOH cornacy10TClI C TeopeT11-

,,,,r:Kl!MH npe}lCK838HHlIMH no /lHcne pCHOHHbIM COOTHOIHeHHlIM. 
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Pnc. 1. O6mui1 ynpomeHHblll 

0

B11.Q 9KCnepuMeHTBnbHOfl ycTaH0BKH: p O -

HanpaBneHHe ny'IKB ycKopeHHblX npoT0H0B; M - nneH0'IHBSI MUIUeHbj 
A, B, C, D - aMynbc110HHb1e KaMephii T1 , T2 , T 3 - cu11HTHnnmrnoHHb1e 

TeneCK0nbI; 1 - HoHonpoB0.Q; 2 - MaI'HIIT ycKop11Tem1. 

j$ 
l•·llCOoz>(r~f 

llD 

Cll 

·/ 

R("') 

Puc. 2, CneKTpu qacTnu oTJlll'III npn 1!3Mepemrn ynpyroro p-p pac

cenmrn npu E na6=50 faB, 
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Pnc. 3. TTapaMeTp HaKnoHa ancpcpepenunanhHoro ·ceqeHnH yrrpyroro 

p-p pacceHHllH B 38BllCHMOCTll OT ,aHeprim rrepBll'IHOf'O rryqKa, • -

H8CTOHIIIllii 8KCIIepnMeHT. CcbinKll, Ha opnrnHanhHbie pa6oTbl ( CM. anc

cepTaumo). 

(6:Jf 'e 

40 • 
3S 

+ f 
f 

s 
30t 'jo '50 -~ . 100 tOO 30~GeV/ 

Pnc. 4. TTapaMeTp HaKnoHa ancppaKunoHHoro KoHyca yrrpyroro p-d 
B38HMOJ:teti:CTBllH (t = 0) • • - pa6oTal6/; • - HaCTOHIIIHti: 8KCIIepn

M9HT. 
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Pnc. 5. OTHOWe!!He aemecTBeHHOil I! MHHM0il '18CTeil 8MIIJif1TYLlbl yrrpy

roro p-p pacceHHl!H arrepea B 3aa11c11MocT11 oT HMrr.ynhca ttaneTa10-

urero rrpoToHa B na6opaTOPHOH Cl!CTeMe. • - L{8HHbl'~ 8KCrrepl!MeHT 

CcbinKI! Ha 0pllf'l!HanhHhie pa60Tbl ( CM, a'nccepTau1110) • 
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Pnc. 6. llaHHbie O BemJtrnHe OTHOllieHHSl BemeCTBeHHOH K M[ll!MOH 

'IaCTH aMnnHTY/lbl p-d pacceSIHHSl, e - HaCTOSIIUaSI • pa6oTa, CcbinKH 

Ha opHrHHanbHb!e pa6oTb! ( CM, /llICCepTaumo) • ...... 
E (r3B) 

:.rt 
5 /0 50 ,00 

an 
Ii/'>.'/ ; 

03 . - ' ,, 

04 

d..pd 
as 

"~ l o• ~ 

::;L,,J} 

,, 
C 
"- 01 

'1:1 

03 

o, 

05 

01 

" 

" 

~ 
Pnc. 7. Be,m'IHHa OTHOllieHirn BemecTB8HHOH K MHHMOH 'IaCTH aMrrmr

TY/lbl p-n pacceSIHHSl, • - /l8HHblH 3KCnepHMeHT, CcbinKH Ha op11-

rHHanhHb!e pa6oTbl ( CM, /lHCCepTaunio). 
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