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sepcanbHOCTb A-aasHcHMOCTH nonH~x ce4eHHH 
iHX B3aHMOAeHCTBHH HAeP H nHOHOB C HAPaMH 

HO, 4TO A-aaBHCHMOCTb nonH~x HeynpyrHx saaHMO­
THBHCTCKHX HAeP H nHOHOB C HAPaMH AOnycKaeT 

HHe Ha OCHOBe reOMeTPH4eCKOH MOAenH B3aHMOAeHCT~ 
06DeKTOB. npH 3TOM C4HTaeTCH, 4TO nnOTHOCTb 

KBapKOB B nHOHe H npOTOHe OAHHaKOBa. 8 paMKaX. 
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B HaCTOH~ee epeMH ~MeeTCH 6onbwoe Kon~4eCTBO pa6oT, noceH­
~eHHbiX ~3MepeH~IO nOflHbiX Heynpyi~X Ce4eH~H B3aHMO,qeHCTBHH pe­
flHTHBHCTCKHX H,qep npr-1 3HeprHHX 6onbWe 1 r3B/HyKnOH C pa3flH4-
HbiMH H,qpaMH. 

113MepeHHH, BblnOnHeHHble Ha yCKOPHTeflHX ,[ly6Hbl 11· 4 / H 6epKflH /5-7 { 

yKa3biBaiOT Ha 6onee cna6yro 3aB~CHMOCTb BeflH4HH ce4eH~H OT pa3-·: 
MepoB H,qpa-MHWeHH /A-3aBHCHMOCTb/ C p.OCTOM aTOMHOrO eeca H,Qpa­
CHapH,qa: p, d, a , C. :ha. 3aKOHOMepHOCTb 6tma npOCTO 06"bHCHeHa 
B pa6oTe/8/c noMO~biO reoMeTPH4eCKOH MO,qen~·e3aHMO,qeHCTBYIO~HX 
H.,qep C nepeKpbiTHeM ~R: . 

u1n=17(Ri+Rt-~R)2, /1/ 

r,qe R i H R C pa,qHyCbl H,qep CHapH,qOB H MHWeHeH. COOTBeTCT.BeHHO. 
B pa6oTax rpynnbl HHCTHTYTa TeopeTH4eCKOH ~ 3KcnepHMeHTanb­

HOH l)lH3HKH /9,10/, noceH~eHHbiX npei.IH3~0HHbiM H3MepeHHHM nonHbiX 
· HeynpyrHX Ce4eHHH B3aHMO,QeHCTBHH npOTOHOB ~ nr-10~08 C pa3flH4Hbi­

MH H,qpaMH npr-1 3HeprHHX'~O 10·r38, TaKme OTMe4aeTCH 6onee CHflb­
HaH A-3aBHC~MOCTb nHoH-R,qepHbiX B3aHMo,qeHciBHH no cpaeHeHHIO .'' 
c ·npOTOH-H,qepHbiMH. 3aMeTHM. TaKme. 4TO npO'cTOe. npaBHflO KBapKo- ·.· 
eoro C4eTa /npoToH-npoTOHHOe ce4eHHe e 1 ,5 pa3a npe'ebiwaeT · .. 
nHOH-npOTOHHble B COOTBeTCTBHH C 4HCflOM eaneHTHbiX KBapKOB • . 
B npOTOHe H nHOHe/ AflH B3aHMO,QeHCTBHH npOTOHOB H nHOHOB. C H,q­
paMH He 8blnOflHHeTCH. 

·8 ,qaHHOH pa6oTe ,qenaeTCH nonwTKa o6oRCHHTb nepe4HCfleHHble 
oco6eHHOCTH HeynpyrHX B3aHMO,qeHCTBHH C e,qHHOH T04KH3peHHH. 
.[lnR aHanH3a · Mbl Hcnonb3yeM 3KcnepHMeHTanbHble ,qaHHbre nHoli'~.Ri\ep­
HbiX B3aHMO,qeHCTBHH npr-1 HMnynbce nHOHOB 6,5· r3B/c ~ 'npOTOH- ;· 

H,qepHble npr-1 HMnynbCe npOTOHa 9 r3B/c. 0CHOBHOH o6oeM 3Kcnep~­
MeHTaflbHOro MaTep11ana no H,qpO-RAePHbiM B3aHMO,qeHCTBHH~ nony4eH 
B ,[ly6He H COOTBeTCTByeT HMnynbCY Ha HYKnOH B3aHMO,qeHCTBy~~HX· 
H,qep OKOflO 4~5 r3B/ C. 3KcnepHMeHTaflbHble ,qaHHWe/5~7/ .·· no.Jly4eHbl 
npr-1 MeHbWHX 3HeprHHX - OKOflO 2~3 r38/c Ha HYKflOH. 8 TeX cny-
4aHX, ecnr-1 HMeiOTCH H,QeHTH4Hble H3MepeHHH, ,qaHHble.6epKflH npe­
BbiWaiOT ,qaHHble ,[lyfiHbl Ha -10%. no3TOMy· BCe BeflH4HHbl 'HeynpyrHX 
ce4eHHH, nony4eHHbre e 6epKnH, yMeHbWeHbl Ha .. 1 0%. · 

npe,qnonaraH, 4TO pa,qHyCbl H,qep C aTOMHbiM BeCOM .A.y,qoeneTBO­
pHIOT 3aKOHy paBHOH nflOTHOCTH H,qep· 

R=roA1/3' 
MOmHO npHBeCTH COOTHOWeHHe /1/ .K BHAY· 

2( 1/3 1/3 2 
u in = rrro A i +A t -a) • /2/. 

8 COOTBeTCTBHH C paBHOH 11 KBapKOBOH · nnOTHOCTbl011 Mbl 6y,qeM C4H-
TaTb, 4TO ,qnH n11oHa A 17 = 2/3. · · 
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Ha puc.l noKa3aHbl 3KcnepHMeHTa11bHble aenH4HHbl u ~ nHoH­
.R,qepHbiX ( 0) ,npOTOH-.R,qepHbiX (e), ,qei1TpOH-.R,qepHbiX ( ~) ~ an&(jla­
.R,qepHbiX ( ') H y'rnepo,q-.R,qepHb.X (X) B3aHMO,qeHCTBHH B 3aBHCHMO­
CTH OT CYMMbl: 

Al/3 Al/3 
't + t 

r,qe 1 = rr, p, d, a, c 111 t = p,d ••• U. Ha pHCYHKe He noKa3aHa ee--
11H4HHa uin(C,Ta) /8~ Ha MHOro CTaH,qapTHbiX OWHfiOK OTKJlOH.AIOl!la.Rc.R 
OT OfilJieH 3aBHCHMOCTH. 

Ha OCHOBe ,qaHHbiX puc.l MOmHO C,qenaTb CJle,qyiOlJIHe BbiBO,qbl: 
1. nonHble nonepe4Hble ce4eHH.A HeynpyrHx B3aHMo,qei1cTBHH 

)~ nepBOM npH511HmeHHH OnHCbiBaiOTC.R COOTHOWeHHeM /2/ ,qJl.R yKa3aH­
HOrO Ha5opa i H t, npH4eM napaMeTpbl B COOTHOWeHHH /2/ paBHbl 

. . . -l3 . b 1 2 
r 0 = 1,48.10 .. eM, ' .::: ,3 . 

2. 8 · npe,qcTaBJleHHH COOTHOWeHH.A /2/ nHOH-.R,qepHble H npOTOH­
.R,qepHble ce4eHH.R HeynpyrHx B3aHMo,qei1cTBHH coena,qaiOT. Cne,qoea­
TenbHO, HafiniO,qaeMble Ha OnbiTe pa311H4H.R B 3THX B3aHMO,qeHCTBH.RX 
o5"b.RCH.RIOTC.R pa3HHI.Iei1 a apryMeHTe A 1 • 

3. Hai1,qeHHoi1 3aBHCHMOCT~ y,qoeneTeop.RIOT 111 rrp. 111 pp-e3aHMo­
,qei1cTBH.R. bOnee TOro, 3KCTp.an011.RLIH.R 3aBHCHMOCTH K A i =At =1/3 
,qaeT pa3yMHYIO eenH4HHY KBapK-KBapKOBOro B3aHMO,qeHCTBH.R. 

3Kcne'pHMeHTa11bHbiH MaTepHan puc.l noKa3aH Ha puc. 2 e ,qpyroM 
npe,qcTaeneHHH. no OCH op,qHHaT OTJlOmeHa Be11H4HHa 3(jl(jleKTHBHOrO 
Ce4eHH.R KBapK-KBapKOBOrO B3aHMO,qeHCTBH.R 

u(qq) = uin /Nt•N 2, 
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.r,qe N 1 111 N 2 - 4HC110 eaneHTHbiX KeapKoe e3aHMO,qei1CTBYIOliiHX 4aCTHLI 
IN = 3 A11.R HYK110Ha H N = 2 ,qJl.R nHOHa/. no OCH a5CI.IHCC - npOH3-
Be,qeHHe N1 ·N 2 • • 

113 puC. 2 BH,q,HO, 4TO C POCTOM apryMeHTa 3(jl(jleKTHBHOe Ce4eHHe 
Heynpyroro KBapK-KBapKOBOrO B3aHMO,qeHCTBH.R MOHOTOHHO na,qaeTj 
npH4eM 3TO na,qeHHe TeM CHJlbHee, 4eM fiOJlbWe COCTaBJl.RIOliiHX Keap­
KOB B 4aCTHI.Ie-cHap.R,qe /o503Ha4eHH.R TaKHe me, KaK Ha puc.l/. 
npo.RBJl.ReTC.R 6011ee CHJlbHOe 3KpaHHpOBaHHe KBapKOB B 4aCTHI.Ie­
CHap.R,qe. 

noCKOJlbKY HaM H3BeCTeH 3aKOH /COOTHOWeHHe /2//, OnHCbiBaiO­
lJIHH HeynpyrHe B3aHMO,qeHCTBH.R npOCTbiX H CJlOmHbiX .R,qep, onpe,qeJlHM 
apryMeHT B BH,qe 

N_tN 2 

2 ru = 0,397 l/3 N 1/3 -1 37) 
(N1+ 2 ' 

/3/ 

Ha puc.3 noKa3aHa 3aBHCHMOCTb u(qv OT ru.BH,qHo, 4TO 3(jl~eKTHe­
Hoe KBapK-KBapKOBOe Ce4eHHe Heynpyroro B3aHMO,qeHCTBH.R ,qll.R 
B3aHMO,qeHCTBYIOliiHX .R,qep yMeHbWaeTC.R B 30 pa3 C pOCTOM apryMeH­

Ta. npH cTpeMneHHH N 1 111 N 2 K e,qHHHI.Ie nony4aeM nonepe4Hoe ce4e­
HHe CB050,qHoro KBapK-KBapKOBOro Heynpyroro B3aHMO,qeHCTBH.R: 

u(qv ,. 3,5 Mfi. 
113 pHCYHKa TaKme BH,qHO, 4TO 3KpaHHPYIOl!lee BJlH.RHHe KBapKOB ,qJl.R 
rrp- , pp- H_ ,qa!Ke pd -e3aHMo,qei1cTBHi1 · cna5oe. 

3aMeTHMi 4TO nepeMeHHa.R ru npH N2 »N1 pasHa 
/3 

ru ..:'NtN 2 ' 
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T. e • nponopttHOHam>Ha o61>eMy HaileTaiOI!tero aAPOHa w i:>aAHYCY RA­
pa-MHWeHH. 

KoHcTaHTbl 1 , 37 Ei 8blpa>KeHHH /3/, a 8 /21 H ll.R 8 /1 I HMeiOT 
o61l1YIO npHPOAY· Ha ycnoeHR dw > 0'1AnH'6onee M.ArKoro - eu(1,2) :;:w(l,l) 
/apryMeHT AnR 83aHMOAeHCT8HR K8apKci c rilioHaMH 6onbwe n116o pa~ 
8eH apryMeHTY 83aHMOAeHCT8HR KeapKa ·c K8apKoM/ cneAyeT, ·4TO 
3Ta KOHCTaHTa :5,1, 37 .' CneA08aTenbHO, npeAflaraeMoe onilcaHHe 
HeynpyrHX 83aHMOAeHCT8HH 8 3TOM CMbiCne He COAep>KHT C8060AHbiX 

j
11 noArOH04HbiX11

/ napaMeTp08, ecnH ain (1,2) =a
1
n(1,1). 
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