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1. BBEL\EHI1E 

Bo B3a.HMoneHcTBHHx t~acrnl..{ BhiCOKHX 3HeprHH aa6nro.uaeTCH xopowo 
Bhi.UeneHHLIH KJiacc peaKIJ;HH: c Manoft nepenatJeH HMnyn&ca, cpeAH KOTOp&Ix 
npocreHwHMH RBJIRIOTCR ,IJ,mf>paKQHOHHOe ynpyroe H H~ynpyroe pacceHHHe. 
3TH llpoUeCChl HMCIOT CaoeH aHaJIOfHeft .UHQ:>paKUHIO BOJIH B OUTI1Ke. Hx H3y

qeHHe .uaeT B03MOJKHOCTh ITOJIYliHTb HHQ;>OpM8UHIO K8K 0 CTpyKType llaCTHU, 

T8K H 0 ,ll;HHaMHKe HX B3a.HMO.UeftCTBHH. 

<PH3HllecKoH npwm:ao:H, Bhi3hmaromeH yrrpyroe ,o;HclJpaKIJ:HOHHOe pac
ceHHHe, RanRIOTCR Heyrrpynw npouecc&I. Ham1tt11e aeynpyrHx Krutanoa npH
ao,n;HT K li8CTHtniOMY llOfJIOllleHHIO H H3MeHeHI·HO BOJIHOBOH: cfJYHKUHH H8lJaJib

HOf0 a.upoaa a o6nacn:1 B3a.HMoneftcTBHJI nopR.UKa pa3Mepoa MpoHoB .... 1 ¢>M. 
B OUTHlJCCKOii KapTHHe Henpo3p8liHOCTb MHllleHH MO:>KHO BBecrn RBHO H8pH.lly 
C ee pa3MepOM . .[l.JUI 8MIIJUITYAbl ynpyroro paCCeRHI1R a,upoHOB llpH BbiCOKI1X 

3Hepr11RX 3TO YA06HO C.UeJiaTh, nepeXO.llR OT. pa3J1Q)KeHHR aMruiHTYAhi ITO 

napu11an&HbiM sonHaM K npencTaaneHHlO npl1uen&aoro napaMeTpa. nepexon 

oT npencTaaneHI1R nepenaHaoro 11Mnyn&ca t K np11uen&HOMY napaMeTpy 

b ll0380J1ReT llOJIYtJI1Th HH<I>opMauHlO 0 npOCTpa.HCTBeHHOfl KapTHHe CTOJlK

HOBeHHR a,upoHOB, 0 pa3Mepax 06JlaCTH B33.HMO.UefiCTBHR. flpe.UCTaBJl~HHe 
npHuen&Horo napaMeTpa nnR aMnJ111TYAbi ynpyroro pacceRHHR a.upoaos 

C 11CllOJ1h308aHHeM COOTHOWeHHR YHHTapHOCTI1 ,naeT npOCTYlO H HarnH,lUlyiO 

KapT11HY He TOJlbKO ynpyroro pacceRHHR,HO H Heynpyroro B3aHMO.UefiCTBI1R 

np11 BbiCOKHX 3HeprHRX, B KOTOpofl llpORBJlfllOTCR reoMeTpHtJeCKHe CBOfi

CTBa a,npOHHbiX B33.HMO.UefiCTBI1fl. 

HoBbie )laHHbie npH 3HepmH Konnaiinepa UEPH yKa3biBaiOT Ha Hapy
weHHe npencKa3aHHH MoneneH reoMeTp11tJecKoro cKeH.n11ara H Q>aKTopH3o

BaHHoro 3fJ:KOHaJla, KOTOpbie XOpDWO OilliCbiBalOT .UaHHbie 3KCnepHMeHTOB 

PP· H i)p -B33.HMOAeHcTBHH npH 3Hepr11HX ER. . npHtJHHY TaKoro HapyweHHR 

MO)f(HO CBR3aTh C pOCTOM Henp03patJHOCTH npoTOHa 11 aHTHnpoTOHa llpH 

yaenHtJeHHH 3Hepr1111 Hx B3aHMoneHcTBHR. B CBR3H c 3TI1M npencTasnReTCH 

HHTepecH&IM paccMOTpeT& o6nacT& 3Hepr11H, cymecTBeHHo MeHhwHx Vs
18

R 

(ys < 10 r3B), B KOTOpoH C yMeHbWeHHeM 3HeprHH Ha6JIIO)IaeTCH Ta >Ke 
TeH)l;eHU11.fl - yBeJ111tJeHHe Hellpo3patJHOCTH CTaJIKHBaiOlUHXCfl npoTOHOB 11 

aHTI1llpDTOHOB. 

flO-BI1.Ili1MOM)', MeXaHH3Mbl, Jle)Kai1Ufe B OCHOBe ysenHtJeHHH Hellpo3-

pa'IHOCT11. a,upoHOB B 3THX ,il;BYX pa31IH'IHbiX HHTepsa.rrax 3HeprHH1 He O,nH

HaKOBbl, flo3ToMy cpaBHI1TeJI&H&IH aaan113 reoMeTpHt~ecKHx csoHcrs PP
B3aHMoneifcTBHH npH 3HeprHHX Vs < 10 r3B H Vs > 20-30 r3B MO>KeT 
6biTb llOJ1e3eH ,[l]]ll pa3BI1THH MO.UeJieif:, pacCMaTpHB8.101UI1X reoMeTpHllecKYJO 

CTPYKTYPY B3aHMo.ueH:cTBHH a paMKax npHuen&aoro napaMeTpa KaK nnH a.u

poHOB B QenoM (bh), TaK H )IJIR napTOHOB (KBapKOB H rJIIOOHOB) bg(q) . 
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B .n.aa:HoH pa6oTe rrpHBO.IJ.HTCH pe3yJJLTaTbi Hccne.n.osa.HHH reoMerpn~ 

qecKHX caoikrn ynpyroro H Heyrrpyroro jJp-B3aHMO.D.eiicTBHii npH HMnynb~ 

ce 22,4 r3B/c B IIp€.IJ.CTaBJ1€HHH IIpHIJ;€JlbHOfO napaMeTpa b. 3KCII€pHMeH

TaJibHhie .D.aHHbie .n.nn .n.a£1>£1>epeHu;HanbHOro cet~eHHH d a/ dt ynpyroro j5p

pacceHHHH111 6biJ1H IIOJJytleHbl C IIOMOIJJ;biO .IJ.BYXM€TpOBOi1: )KH.IJ.KOBO.D.O

po.IJ.HOii IIY3bipbKoaoH KaMepbi "llEO.IJ.MHna"12- 41, 3KCIIOHHpOBaHH011 a nyq

Ke cenapHpOBaHHhlX aHTHIIpOTOHOB CeprryXOBCKOfO YCKOpHT€Jl.FI. 

B pa3.IJ.. 2 KpaTKO paccMarpHaaeTCH rrpe.n.cTaaneHHe rrpHu;enbHoro napa

MeTpa, B pa3.IJ.. 3 o6cy)K.IJ.aJOTCfl nonyt~eHHbl€ pe3yJihTaTbi, KOTOpble CpaBHH

BaJOTC.FI C pe3yJlhTaTaMH aHaJIOfHtiHbiX HCCJ1€.D.OBaHHtf npH .IJ.PYfHX 3HepnUJ:X, B 

pa3.n..4 06cy)K.IJ.aeTCH BOIIpOC 0 rrpo3pat1HOCTH a.D,pOHOB IIpH n060BOM CTOJIK

HOBeHHH, B pa3.IJ.. 5 £l>opMynHpyEOTCH OCHOBHbl€ BbiBO.IJ.bl pa6oThl. 

2. IIPE.[(CT ABllEHY!E IIPY!UEllbHOrO IIAP AMETP A 

llpe.n.cTaaneHHe npHIJ;eJihHoro napaMeTpa .D.JI.FI aMnnHTY.IJ.bi ynpyroro 

pacCeHH"H a_l1poHOB b ef ( S, b) B npeue6pe>KeH"H CIIHHOBbiMH 3<j)<j)eKTaMH 

onpe.D.eJIH€TCH C IIOMOIJJ;biO £l>YP?{,-npeo6pa30Ba.HHH CTa.H.IJ.apTHOii: aMIIJlHTY.IJ.hl 

ynpyroro pacceHHHH T.e ( s, t )' : 

(1) 

rAe b - npHUeJibHblli napaMeTp, a J0(byf=t) - tPYHKU"" EeccerrH uyrresoro 

nopHAKa. AMIIJIHTyAa Tel' (s, t) BbipaJKaeTCH qepe3 ua6rrJOAaeMoe A"<P<Pe

peHI.UiaJihHoe CetleHH€ CJie.IJ.yEOlUHM o6pa30M: 

dae£ 

dt 
(2) 

5-KaHarrbHOe YCJIOBHe yHHTapHOCTH B npe.IJ.CTaBJI€HHH npHIJ;eJJbHOfO napa

MeTpa /e, 7
 
I ( C TOtiHOCTbiO .IJ.O cnaraeMbiX D;OpH.IJ.Ka 1/s ) BblpruKaeT MHHMYIO 

qacTb aMIIJIHTY.IJ.hi ynpyroro pacceHHHH Jmh ef (s, b) qepro BKlla.D.bi ynpyrHx 

H HeynpyrHX COCTORHHi:f /8. 9/ : 

2Jmh.,e(s,b)~ihe£ (s,b)t 2 +Gtn (s,b), (3) 

/10/ 
rAC 0 tn ( S, b) - HeyrrpyraH tPYHKUHH nepeKpbiT"H . , KOTOpaH OIIHCbiBa-

eT nornorn;eHHe a HeynpyrHe KaHaJibi. B TaKOM no.n.xo.n.e rronHoe, ynpyroe 

H Heynpyroe .IJ.H£l>£l>epeHIJ;HaJ1bHhl€ C€ti€HHR MO)KHO npe.IJ.CTaBHTb COOTBeT

CTBeHHO B BH.IJ.e 

dutot /1Tdb
2 ~ 2Jmh.,e(s,b) ~ Gtot (s,b), 

dael' /1Tdb2 ~lhe£(s,b)i 2 ~Gef(s,b), 

2 

(4) 



TaR KaK nepexo.u a npocTpaHCTBO. rrpnuen&Horo napaMeTpa npOH3-
so.tuncH HHTerpHpOBaHHeM no aceH o6nacTH rrepe,uaHaoro HMnyn&ca t, s 
BblpiDKeHHH ( 1) He06XO.UHMO yqecTb 3aBHCHMOCTb OTHOilleHHH peanbHOii 11 
MHHMOii qaCTH aMllJIHTY.D;bl yrrpyroro pacceHHHH p( S, t) OT t H OTCyTCT
BHe 3KCITepHMeHTaJlhl;lbiX .UaHHbiX BHC 06JiaCTH H3MepeHHH .UH$$epeHUH
aJibHOf0 ceqeHHR. OrnorneHHe p( s, t) a 3aBHCHMOCTH oT t o6&tqHo arrnpoK
CHMHpyeTCH BbipiDKCHHCM/?/ : 

1 1 It i 
---[1- -l. 
p(s, 0) t

0 

(5) 
p( s. t ) 

r,ue t 0 COOTBeTCTsyeT nepBOMY .UHQ;lpa:KUHOHHOMY MHHHMYMY B ynpyroM 
)lH!j>lj>epeHUHa.JihHOM ceqeHHH, B3RTOMY t 0 ~ 1,4 (r3B/c) 2 . 

Ycnos11e yHHTapHoCTH a npe.ucTasneHHH npuuen&Horo napaMeTpa (3) 
IT03BOJIHeT onpe,ueJIHTb TaK)I(C <IJyHKUHIO nepeKpbiTHR, COOTBCTCTBYIOWSIO 
BepxHeMy npe.ueny ,UJIR ceqeHHR aeynpyroli .UHQ;lpaKUHH, H3BecTHOMY KaK 
npe.uen flaMnnHHa / 111 : 

a:;;• (b) :;: Gtot (b)/2- Gel' (b). (6) 

B npeae6pe:>KeHHH pean&aoH qacThiO aMITJIHTY.Uhi ynpyroro pacceHHHR, 
cornacHo (3) 11 (4), MO)I(HO 3aJIHCaTb cne.uyromHe Bhtpa:IKeHHR .z:vtR Gtot H 
Gel' : 

0
101 

(s, b) ~ 2[1- y1-G 1n (s, b) I, 

a.1 <s. b) ~ [ 1-v'1-0
1
n(s, b)]. 

(7) 

Orcro.ua BH.UHO, liTO ecnH nornoiUeHHR HeT, T.e. ain(s,b) = 0, TO OTCYT
CTByer H ynpy~oe pacceRHHe. flpH ycnoBHH, liTO G1n y.uoanersopReT yHHTap-

ltm lim 
HoMy rrpe!leny, rronyqaeM Gee (s,O) ~ 1 H Gtot (s,O)~ 2. 3TH paaeH-
CTBa RBJIRIOTCR ITPC.llMbHbiM cnyqaeM MR pacceRHHR Ha qepHOM 

lfm llm 1 ~ 1 WIR KOTOpOfO Ue£ /a-tot = :rr:. , 11 IT03TOMY BCJIHtiHHa 2aef atot 
TepH3yeT cpe)lH!O!O ITOrJIOI.Ua!OIUY!O CUOC06HOCTh (Henpo3paqHOCTb) 
Ha npH pacceRHHH npOTOHOB H aHTHllpoTOHOB. 

,lJ;HCKe, 
xapaK
rrpoTo-

B coOTaeTCTBHH c ycnoaH>IMH (1) H (2) qHcTo 3KcrroHeHUHa.JILHoMy 
JlHQ><IJepeHUHaJibHOMY CetleHHIO yn~yroro paCCeRHHH COOTBCTCTByeT raycco
Ba lj>yH><UHR rrpolj>HJIII exp[ - b 2 /R I ~ exp[ - b2 12ll 2 B I , r)le B - rrapaMeTp 
HaKJioHa )lH!j>lj>epeHUHa.JILHoro ceqeHH>I. 3!leCL R ~ v'~~v'<iil'> npe!l
crasnner co6oH cpe.uauH: Ksa,n;patHtiHhill pa.uHyc pacnpe.ueneHHH rrornoiJJ;ruo
mero aemecraa a npoToHe, KOTOpbiH MO)K}IO npHHRTh reM caMbiM aa xapaK
repHCTHKY p8.3Mepa nporoaa. 
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3. OBCYJK,[IEHHE PE3YJibTATOB 

B KalJecTBe OTITpaBHOft TOliKH ,ll;JIH ,ll;B.H:Horo HCCJie,rtOBaHHH HCITOJih30-

BaiJHCh 3KCITepHMeHT8JihHbie ,D;aHHLie llO H3MepeHHIO .IJ.Hcfl<t>epeHI..U~aJILHOrO 
ceqeHHJl da /dt ynpyrHX pp·B38HMO)J;eifCTBHH nj;m HMnynhce 22,4 r3B/c, 
a HHTepaane 0,05::; It I ::; 0,95 (r3B/c"f *. ):Ina HOpMHpoBKH da /dt. 
pacnpe.n.eneHHR npoaommacn 3KCTpanonHUHH 3KcnepHMeHTanLHhiX .u;aHHhix 
H3 o6nacm 0,05 :c; 1 t 1 ::; 0,3 (r3B/c) 2 c noMO!l.lhiO BLipa>t<eHHJI 

da /dt = Aexp( f3t + yt 2) (8) 

B omHqeci<yiOTOQI<Y (da/dt)~~T~= (1 + p 2 )-a~1 /1617. ):lnHnonHoro 
ceqeHH.fl a tot 6panacn BeJIHliHHa ( 48,0 ± 0,5) M6/12/ , a 3Hat~eHHe OTHOme

HHH peaJJLHOii H MHHMOH qacTH aMWIHTYALI ynpyroro pacceHHHH anepe,ll 
nonaranoc& paBHhiM 0. Mcnonh30BaHHe P = 0 BMeCTO BhtliHCneHHoro no 
)J.HCITepcHOHHbiM COOTHOllleHH.fiM 3HalleHHH p :=. 0,05 ITpHBO,ll;HT K IIOrpem-

HOCTH B onpep;eneHHH A He 6onee 1%. Q. T. 
3HaQeHHe OillHQeci<Oif TOQKH paBHO (da/dt )t= 0 = (117,7± 

± 2,5) M6/{r3B/c) 2 . Pe3ynhTaThi nop;roHKH da/dt c noMO!l.lhiO Bhipa>t<eHHJI 
(8) H C yqeTOM OIITI1lleCKOft TOl:IKH )l,W'Il:'I CJieZJ;yiOI.IJ;He 3HatJeHHH napaMeTpOB: 

A = (117,6 ± 2,4) M6/ (r3B/c) 2 , f3 = (13,0 ± 0,4) (r3B/c) -2 "y = 
= (3,45 ± 1,6) (r3B/c) -4. 

BenHqHHa nonHoro ynpyroro ceqeHHJI l7e£ = (9,4 :!: 0,3) M6 6Lma no
nyqeaa npH HHTerpHpoBaHHH da/dt -pacnpe.u;eneHHH a HHTepsane nepenaH
HhiX HMnynhcos oT t = 0 p;o 1 t I = 0,95 {r3B/c) 2. 

Ha pHC. 1 noKaaaao 3KcrrepHMeHTaJibHOe da/dt-pacnpeneneHHe sMec
re c pe3yJILTaroM rronroHKH BbipiDKeHHeM (8), BKJuoqaJI o6nacrb nepenaa
Hblx HMnynhcos, He H3MepeHHYIO s 3I<cnepHMeHTe, T.e. 1 t 1 > 0,95 (r3B/c)2. 
fipH nepexone OT t -npe,nCTaBJieHHH K b-rrpe,llCTaBJieHHIO HCIIOJib30BMC11 
HHTepsan 0 ;S; I t 1 s 3,0 (r3B/c) 2 . 

Ha pHC. 2 npep;cTasneHLI <PYHKilHH npo<jJHnJI p;na nonHoro, ynpyroro 
H aeynpyroro B3aHMoneftCTBHH a npe,llCTaBJieHHH rrpHQeJibHoro rrapaMeTpa 
( 4) , paccqHTaHHhie MH .lla.HHoro 3KcrrepHMeHTa. llpHBeneaa TaJOKe ¢1YHK

I..Ui11 npo¢IHJIH .llJlH npe.n;ena llaMITJIHHa, BbiqHCJieHHaH cornacHo ( 6) . H3 pH
cyHKa BH)J;HO, QTO ynpyraH H HeynpyraH <jJyHI<i1HH nepe!<ph!THJI HMeiOT 
MaKCHMYM npH 3HaqeHHH llpHQeJibHOrO napaMeTpa b = 0, B TO )Ke apeMH 
npep;en I1aMnnHHa HMeeT HaH6onee nepH<jJepHqeci<Hl\ npo<jJHnh c Mai<CHMY
MOM npH b ~ 0, 7 ¢1M. B coornercmHH c H.rteeft pa6oThi /lSI aTo 03Haqaer, 
tfl'O Heynpyra.H AH¢1paKIJ;H.R rrpoHBJI~ercH KaK pacceHHHe Ha KOJibu;e (r.e. 
llpH b > b 0) B 0TJII1t1He OT ynpyrotf. .D;H¢lpaKUHH KaK pacceJIHHH Ha )J;HCKe, 
B03HHKaJOIUeft OT B3aJiMO)J.eftcTBHH BO BCeft o6JiaCTH H3MeHeHHH b /!4/ . 

* IlpoqeOypa or6opa u o6pa6oTKU co6brTuii, a raK:JICe eeeOeHue pa3nWIHblX nonpa-
eoK onucaHbl e pa6ore111. 
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Puc. ]. )Ju<jjifiepeH.lJ,UaAbHOe ce~eHue 
da / dt ynpyzozo pp-paCCeJlllUJl npu 
22,4 F>B/c. CMOWH(l}l Kpue(l}l - pe3yfl&
rar annpoKcuMaquu 3KCnepUMeHTll!lbHblX 
oaHH&tx ifjyHKuueil <17/dt ~ Aexp(,Bt + 
+ yt 2 ) s o6Aacru 0,05 7 0,95 I F>B/c)~ 
a TaKJKe pe3yllbTaT 3KCTpanO/UlijUU 8 06-
JlaCTU t ~ 0 u t ~ 3,0 I F>B/c) 2. 
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Puc. 2. IIomwe, ynpyzoe u Heynpyzoe 
iJu¢rj5epeHU,UaJlbHbce ceiJeHUR ( rj5yHKf4UU 
nepeKpbtrUR) u npeiJe!l J](l.MruzuH.a iJ!lR 
Heynpyzoi1 Ourj5paKf4UU 8 pp-e3aUMo0ei1-
CTBWlX npu uMnyllbce 22,4 F3Bjc 8 3a-
8UCUMOCTu OT 8eJlUIJWtbl npUU,ellbHOZO 
napaMerpa b. 

Heyrrpyra>I ljlyHKUifH rrepeKphiTif>I 
Gin ( s , b) lfMeeT ljlopMy, 6JIH3KY!O 
K rayccoao:H, ornet~aroruyro npn6m1· 

3HTeJihHO 3KCIIOHeHUHMhHOii ljlopMe iulljlljlepeHUHaJihHoro d7 I dt -pacrrpeAe
neHHfL 

3Ha~eHife G10(s,b ~ 0) ~ (0,979 ± 0,005) MOJKHO c~HTaTh Mepoii 
Hellpo3patmOCTH npOTOHa-MHlllCHH B j)p-B3a.HMO,D;CtiCTBHI1 IIpH 22,4 r3B/c, 
113 KOTOpOti CJiep;yeT, liTO CYIUCCTByeT OTJIHtUiaR OT HYJIR aepoRTHOCTb ITpO
XO)K)l,CHHJI MpOHOB .n.pyr qepe3 .n;pyra 6e3 B38.l1MO,n;eftcTBHJI npH JI060BOM 
CTOJIKHOBCHHH. AHaJIOrHtJHa.fl BCJIHliHHa ,D;JJR Heynpyroro j)p-B33HMO,n;e:HCT
BH>I rrpH 3HepmH KOJIJiaiil(epa Vs ~ 546 r3B pasHa Gin (s. b = 0) = (0,964± 
± 0,004)/fS/ . 

Ha pHc. 3 rroKa3aaa 3HeprerHtlecKM 3a.BHCHMOCTL aeynpyroH <PYHK~HH 
nepeKpbiTHR Gin (s, b) .IVHI PP-B3aHMo.n;eHcTBHH rrpH 3HatieHHHX b = 0,0; 
0,5; 1,0 H 1,5 Q:>M. 113 pHCYHKa BH,ll;HO, qTo G1 pacTeT npH acex yKa3aHHbiX 
3Ha~eHif>IX b KaK c yseJIH~eH!feM Vs B o6nagTH 6onhllllfx 3Heprlfii ( ..;s- "?. 
;: 50 r3B) , TaK If C yMeHhllleHHeM Vs B o6naCTif MaJihiX 3Hepr"ii ( Vs $ 
:> 10 r3B). 
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Puc. J. 'JHepUTU'!leCKaJl 3Q8UCUMOCTb He

ynpyzoii ifJYHKllUU nepeKpblTWf a PP-
63auMo0eiicrewrx npu Plab = _12,4; 
30,0; 50,0 FJB/c. a raKxe ..; s -53 
u 546 FJB 0JJR 3Ha'leHuii npw./ellbHozo 
napiiMerpa b - 0,0; 0,5; /,0 u /,5 ifjM. 
C111JOU4Hble KPU6ble npoeeOeHbl or pyKu 

OnR HtlZilROHocru. 
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Puc. 4. 3Ha'leHl!!f ae.nu'IUH a ei /u tot u 
otot /B 0AJl pp-63aUMo0eUcreuii a 3a
eucu.Mocru or V s. 

Bo3paCTaJ!He a In ( S, b) npH 
b = 0 oTpa)KaeT poeT Henpo3pall
HOCTH npOTOHa ( aHTHITpOTOHR) B 

060HX onpe.ll,eJieHHblX BbiWe HHTep-

BaJlax 3HeprHH. AHanonitiHbiH: Bhi
so.u. MO)f(HO C)l.eJIRTh H npH paCCMOTpeHHH 3HepreTH'IeCKOH 3aBHCHMOCTH OT

HOWeHHii afi_/atot H O'tot /8, npHBe.D;eHHOii Ha pHC. 4. 
OnHa H3 B03MO)f(Hhlx HHTepnpenuuu1 pocra Henpo3patrnoCTH HYKnOHOB 

B HeynpyrHX B33.HMO.ll.eifCTBHJIX, Ha6JUO.ll,aeMOrO B 3TOM 3KCnepHMeHTe, 

6y11eT paccMoTpeHa B cne.z:~ywrueM pa311ene. 
3HaJI <J>yHKUHJO nepeKpbiTHJI, MO)KHO onpe.D,eJIHTb cpe.ll,HeKBa.upaTHli

HbiH pa.n;uyc ueynpyroro B3aHMoneHcTBHJI a npencnmneHHH npHUeJihHoro 

napaMeTpa191 : 

J r (9) 
0 0 

BenuqHHa y'<r2>-..; <IJI!> IIOn>KHa 3aaucen. OT Bbi6opa bmu. Ha puc. 5 npell
CTasneua 3aBHCHMOCTb J<'b'Y> OT bma.J. B HeynpyrHX B33.HMO.ll.eifCTBHJIX 

,lJ,JJJI aamux .ll.a.HHbiX. BHJI,Ho, liTO v'<b2> yaeJIH'IHBaeTCJI c pocTOM bmax 
BIDIOTb ,IlO llpe,ll,eJibHOrO 3HaQeHHJI b ma..J. :::. 2,7 <J>M, npH KOTOpoM npaKTH

lleCKH npoHCXO,nHT BbiXO,ll H3 rutaTO H KOTOpOMY COOTBeTCTByeT ~= 
= (1,04 ± 0,03) <jJM. 
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Puc. 5. 3aeucuMOCTb cpeiJHeKeaOparu'I
HOZO paOuyca llel!!:J!l!UX /Jp-e3aUMo0eU
creuil v<r2 > ~ y' <b2 > npu 22,4 F>B/c 
or emU'IUHbl npeOe/la unrezpupoeaHUR 
bmax ( CM. reKCT). 

Ha pHc. 6 npellCTaBneHhi llaH· 
Hhie /18/ no 3HalJeHHIO cFeAHeKBB.ll
pamqsoro pauHyca v' <b > seynpy. 
rHx B3aHMoneikTBHft B pp- H PP
peaKUHRX WIR pa3HbiX 3HeprHH npH 

orpaHwreHHH Ha bmu: cornac-
Ho ycnosmo 01~ (s, bmax ) 
= 0,085 0 10 (s,O). 

Ha pHcyHKe npuaeneHo TaK)f(e 

" e-

~ 

1.10 .---~---~-----, 

1.05 

1.00 

0.95 

090 

• PP 
o PP 

·~ 
• 

• 

+ 

0.85 L---:;;----,:;;;------;;;; 
10 100 1000 

rs. r.a 

Puc. 6. BeJJU'IUHa cpedHeKeaOparuvHozo 
paOuyca 'jJp- u pp-e3auMo0eiicreuU e 
npeOcraelleHuu npuijetlbHOZO napaMerpa 
b 6 3Q6UCUMOCTU OT Ys. Ctl.llOlUHOJl 
KpUeOJl nocquraHa Ollll Mode!lu llepHozo 

OucKa 1151 

3HaqeHHe cpe.nHeKBa,npaTHtmoro pa- r-:-;-
.UHyca, nonyqeaHoe a HacToRI..U;eM 3KcnepHMeHTe H pcmaoe V<b 2> = (0,95± 
± 0,02) <!>M (caMaH neBaH TOqKa sa pHc. 6). BHilHO, qTQ J<bl!> ysenH~Ba
eTCSI npH6ITH3HTeiThHO Ha 11% B o6naCTH Vs = 53;546 r3B H yMeHblllaeT· 
CSI npH6nH3HTenbHO Ha 3% B HHTepsane 3HeprHH 22,4;50 r3B/c, npH 3TOM 
pauHyc pp·B3aHMOileiicTsHii npH 3HeprHRx ISR 191 MeHbllle pauHyca pp-
B3aHMO.UeHCTBHH. 

4. I1P03PAqHQCTh A)lPOHOB 
I1PY! JIOBOBOM CTOJIKHOBEHIU1 

0TnHqHaH OT HynH Ilpo3paqaOCTb anpOHOB IlpH no60BOM CTOnKHOBe~ 
HHH, KOTOpaR .n;n& Hamero 3KCIIepHMeHT3 xapaKTepH3yeTCll BeJIHllHHOfl 
1 - 0 in ( S, 0) ~ 0,021, MOlKeT CBHileTenbCTBOBaTb 0 KOHUeHTpa)lHH Be· 
rn;ecTaa aayTpH anpoaa a nHcKperHhix o6nacTHX. 

B paMKax coapeMeHHhix npe.n;cTaaneHHH o CTPYKType anpoaoa TaKaJI 
HHTepnpeT3LJ;H.fl Ha6nro.n;aeMoro OTnHliHll Q in (s, b = 0) OT ymuapHOrO 
rrpenena npe.u,CT3BnHeTCH ecTeCTBeHHOH. HarrpHMep, cornacao H,lleRM, pa3BH-
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ThiM B paMKax RMHTHBHOfi KBapKOBOft MO.ZJ;eJIH/17/ , BCR KBapK·rJilOOH· 

HRR MRTepHH BHyTpH MpOHa COCpe,nOTOtleHa B .UBYX ( Me30H) HJIH Tpex 

(6apaoH) npocTpa.HCTBeHHO·pa3.u,eneHHhiX KnacTepax. KruK.ll.hiH TaKoH 101ac· 

Tep, IIOHHMaeMbifJ: KaK O.U,eTbii.:f (HJIH COCT8BJI1Il0ll.I;Hi.:f) KBRpK (BaJIOH), 

npe.u.cTaanJieT co6oH: aaneHTHhiH KX.U·KBapK (aHTHKBapK) J oKpy)KeHHhiH 

rnrooHaMH 11 KBRPK·aHTHKBapKOBhiMH napaMH. 

:Hcxo,n;R H3 TaKoro npencTasneHHR o cTpyKType a.n.poHOB a pa6ore 
1151 

6hma npenn:o)l(eHa npocTaJI reoMeTpHtlecKaJI MoHTe-Kapno MO.UeJih CTOJIK· 

HOBeHHR a,npoHOB, B KOTopoft paCCMRTpHBaJIOCb Heynpyroe B3aHMO.ZJ;eiJ:. 

CTBHe ABYX rrpOTOHOB (HJJH pp) c p!l,UllycoM rp. IlpH :>TOM BHYTPH KalKA Oro 

a,npoaa cnytJaiiHhiM o6paaoM pacnpeneniDII1Cb BaJIOHhi c pa,n.HycoM rv. An

npoKcHrvmpyR C IIOMOlllblO 3TOH MOll.eJII1 3KCIIepHMeHTaJibHbie )J;a.HHbie 00 

Q in B HHTepaane 3HeprHH yrs = 23;546 r3B, 3.BT0ph1 II0Ka3aJIH, qTQ 3TH pa

.UHYCbl xopomo oriHChiBruoTcR 33.BHCHMOCTblO r = A + Bln(s /s
0

) 

( S0 = 1 r3B ) . B 3TOM IDITepaane 3HeprHi.:f Ha6nro.u,aeTcR poeT OTHOllleHH.R 

3r3v /r (-) , xapaKTepH3yrow;ero cTerreHh 3anonHeHHR nporoHa KBapK

rnrooH~J'ii MaTepHeH, a (1,43 ± 0,20) pa3a. 

06naCTb ripHMeHeHHR 3TOi1: MO,UCJIH, CKOpee BCero, CB.fl3aHa C BhiCO

.KHMH 3HeprHJIMH (Vs ?; 20 r3B), r11e BblMHpaiOT 06MeHhl peAJKeOHaMH H 

aHHHriDIIII..J;HOHHbiC KaHaJibl. 

B o6nacTH )l(e 3HeprHH HacToRw;ero 3KcnepHMeHTa, rne rrpH yMeHLwe

HHH 3HeprHI1 Ha6nro.naeTCII poeT aeyrrpyroro ceqermH a pp- H Pp·B3aHMO

.u.e:H:cmHHX, BK'JI8,ll pC,U)I(COHHbiX 06MCHOB H RHHHrHJIJliJ;HOHHhlX Ka.HaJIOB 

RBJIIIeTCR OIIpe,UeJIRlOll.I;HM. ll03TOMY B03MO)I(HQCTb RIIITpOKCHMRIJ;l·IH: HRWHX 

,naHHhiX reoMeTpHqecKo:H: MO,UeJibro RBJIRCTcH rrpo6neMamtrn:oH. TeM He 

MeHee, cne.u,yR MeTO.UHKe pa6orhl1
51 , TRKa.R rrollbiTKa 6bma c.uenaHa. EhmH 

OI..J;CHeHhl pa,n.:uyCbl HYKJIOHOB H BaJIOHOB, KOTOpbiC 0Ka3aJIHCb paBHhlMH 

'p(p) ~ (1,04 ± 0,03) <jJM H r v ~ (0,226 ± 0,002) <jJM. Crre11yeT OTMe· 

TilTh, qTQ IIOJiyqeHHa.H B MO,UCJIH BeJIHtJHHR r p <.P) COBIIa.,naeT CO 3HatJeHHeM 

cpe.nHeKBa.upaTHtrn:oro pa.n,nyca B3aHMoneftcraiDI, npHBe.ueHHhiM a npe,nhi· 

AYl.l1eM pa3Aerre. 

BenHqHHa rp(j)) , nonytJeHHaH ,nnH HacToHw;ero 3KCIIepHMeHTa, a npe.ue

nax O,UHOTO CTaH.UapTHOrO OTK'JIOHCHHH COBIIa.n,aeT C fp = (1,02 ± 0,02) cl>M, 

BhltfiiCJieHHhiM ,IVIH pp-B3aHMO.u,ei.:fCTBHi1 npH -J S = 23 r3B, a 3HaqeHHe pa,uHy· 

ca BaJIOHa r v ,IJ;JIH ,UaHHOTO 3KCITepHMeHTR cyw;eCTBeHHO npeBhiWaeT BeJIH

<rnHY r v ~ (0,201 ± 0,002) <jJM AJIH Vs ~ 23 r:>B. 

CpaaHeHHe OTHollleH:uH 

1,43:!: 0,20 

H 
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1,34 ± 0,15 

AeMOHeTpHpyeT poeT HeiTpo3pa~OeTH ITpoTOHa (aHTHITpOTOHa) B o6rraeTH 
ManLix 3HeprHH, TaKoH me no nopH.rncy aerrwmHLI, KaKoil Ha6Juo.uaeTCR H 
rrpH BbiCOKHX 3Hepn1RX. 3TO .JJ;8CT B03MQ)f(HOCTh C,UenaTh BbiBO.D; 0 TOM, 
liTO rrpHCYTCTBHC aHHHrHJJHUHOHHbiX KaH8JIOB H pC,ll;)I(COHHbiX o6MeHOB 
MO)KeT npHBO,ll;HTb K yBCJIH:tJCHHIO HCIIp03patiHOCTH llpOTOHOB ( aHTI·IllpOTO· 
HOB) e yMeHbllleHHeM 3HeprHH B o6rraeTH yB ~ 20 r3B. 

5. Bb!BO.D;bl 

OcHOBH&re pe3yJI&TaT&I aacToHmeH . pa6oT&I MO)KHO ccf>opMYnHpoaaTL 
erreAY!Oll1HM o6paaoM: 

1. Ynpyraa G.e(b) H neynpyraa G1n(b) <jJyHI<t1HH nepei<pbiTHH npH 
3Hepnm: HaCTORmero 3KCIIepHMCHTa HMelOT clJopMy, 6JIH3Icy10 K rayccoaoft, 
C MaKCHMYMOM rrpH 3H811CHHH TipHI.J;MhHOrO 'rrapaMeTpa . b = 0 $M, KaK 
3TO Ha6nro.n;aeTCH H B o6naCTH BhiCOKHX 3HeprHH rrpH y'S > 20 r3B. 

2. <l>yHKUHJI nepeKphiTHR:, COOTBCTCTBYIOIUaJI aepXHeMy rrpe.n;eny MH 
eeqeHHH neynpyroli AH<!JpaK11HH (npeAerr ilaMnrrHna), HMeeT nepH<jJepHqe
CKHH rrpoc:tnrnn c MaKcHMYMOM npH b ::. 0,7 <PM, liTO TaiOKe cornacyeTCH 
C }J;aHHbiM11 113 06JiaCTI1 BbiCO:KHX 3HeprH:H:. 

3. Cyr.uecTayeT OTJII1qHaJI OT HyJIH BepOHTHOCTb np11 JI060BOM CTOJI:KHO· 
BeHHU a.n;pOHOB npo:ti:TH .n;pyr qepe3 .n;pyra 6e3 B3aHMO}J;e:ti:CTBI1R: 

p ~ 1 -G. ( s, b = 0) 
ln 

0,021. 

4. Ben11q11aa cpe.n;aeKBa,n;paTHqaoro pau11yca ~~yroro B3ai1Mo,ne:H:
crnHH B rrpe.n;cTasneHHH npm.J;enbHoro rrapaMeTpa V<b > pacTeT c pocTOM 
bm&x 11 BbiXO,IJ;HT Ha nnaTO Ilp11--!!E_e,lJ;eJihHbiX 3HaqeHHRX bmax: =. 2,7 ¢lM. 
ilorryqennaa npH 3TOM OlleHI<a y<b2 > eoeTaBITHeT (1,04 ± 0,03) <jJM. BerrH
trn:Ha V<b2 >, Bbitrn:CJieHHa.H rrpH 3HaqeHHH bmax 113 ycnoBI1H Gin (s, bmax) = 
~ 0,085 G1n (s, 0) npH epaBHeHHH e anarrorHqHbiMH AaHHhiMH pp-B3aHMO

.n;eiicTBI1:H: npn 6onhlliHX 3Hepnmx no,o;Tsep)K}J;aeT aa6mo.n;aswHftCH paaee 
paCT Cpe,n;Hero pa,uHyca B3a.HMO)l;e:ti:cTBHR C yMeHbllleHHeM 3Hepnm: B o6JJaCTH 
jS ~ 20 r3B. 

5. B o6rraeTH 3Hepmli y's = 20 r3B na6JI!OAaeTei! poeT nenpo3paqnoeTH 
IlpGTOHOB H aHTHilpOTOHOB C yMeHhWeH11eM 3HeprHH, qTQ cne,nyeT 113 pacTa 
aenHtrn:H Gin< s. b = 0) , q ee /u tot , a tot I B , a TaK/Ke H3 BblqHCJieH11H 3<P
<Pe:KTHBHbiX pa.n;HyCOB HYI<JIOHOB H BaJIOHOB B HeynpyrHX B3aHMO)l;e:ti:cTBHHX 
B paMKax reoMeTpHqec:Ko:H: Mo.n;enH MoaTe-Kapno. 
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