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BBEAEH~E 

npoae,qeHHble B LtEPH 3KCnepHMeHTbl no B3aHMO,qeHCTBHIO YilbTpa
pe.nRTHBHCTCKHX R,qep KHCJlOpo,qa H cepbl C R,qepHb1MV1 Mlo1WeHfiMH, 
Kor,qa R,qepHaR MaTepHfl HaXOAHTCR 8 3KCTpeMaJlbHbiX ycnOBH
fiX/l/·, HanpasneHbl Ha nOHCK HOBbiX fiBJleHHH. nepBb!M waroM Ha 3TOM 
nyTH CTaJlH nonbiTKH nOHRTb CTOJlKHOBeHHR R,qep B paMKaX 06bi4HOH 
¢H3HKH, no,q KOTOpoH no,qpa3yMeaaeTCR MO,qeJlb MHOrOKpaTHOrO pac
CeRHHR. 8 aHaJlHTH4eCKHX MO,qeJlRX MHOrOKP8THOrO pacceRHHR Tpy,q
HO npoaeCTI-1 T04Hble Bb14HCJleHHR / 2 / H y4eCTb 3KCnepHMeHTaJlbHble 
oco6eHHOCTH npH conocTaaneHHH peay.nbTaToB pac4eToa H 3KcnepH
MeHTos. Tpy,qHOCTH npeo,qoneaatoTCR B MO,qe.nRx, HCnOJlb3YIO~HX Me
TOA MOHTe-Kapno H peaJlH30BaHHbiX B BH,qe nporpaMM-reHepaTOPOB 
C06b1THI1. VI3BeCTHble MOHTe-KapnOBCKHe MO,QeJlllt RBllRIOTCR 3KCTpano
llRl-'Hel1, Ha CJ1y4al1 CTOJlKHOBeHHR R,qep, CTPYHHblX MO,qene~ /3-6/ 
HeynpyrHx eaaHMO,qet1cTBHt1 HYKllOHOB. B CTPYHHbiX Mo,qenRx /3-6/pom
,qeHHe 4aCTJ.II'-' npOHCXO,QJ.IIT nOcpe,qCTBOM o6pa30BaHHR J.ll pacna,qa 
KBapK-rlliOOHHbiX CTpYH - B036y>K,qeHHbiX 06"beKTOB, COCTOR~HX H3 
KBapKOB, CBR3aHHbiX r11100HHOH CTpyHoilf. Cpe,qH MO,qeneH/3-6/ MO>K
HO Bbi,QeilHTb MO,qenH 11C nepe,qa4eilf 4BeTa 11 , B KOTOpbiX nepe,qaHHblti 
HMnynbC C4HTaeTCR He3Ha4HTeJlbHbiM. npHMep TaKOrO npo4ecca pac
CMOTpeH Ha pHc.la.MaCCbl CTPYH 3AeCb eCTb CJleACTBHe npO,QOI1bHO
ro ABH>KeHHR KBapKOB - KOHCTHTyeHTOB.MoAeJlH ,qaHHOilr rpynnbl npe,q-
CTaeneHW nporpaMMaM~-reHepaToPaM~ IRis/71, VENusiSI, 
MCFM/9/ ~ HOLIAF 1101. BTopafl rpynna MOAene>i - 3TO MOAen~ 116ea 
nepeAa4~ ~BeTa 11 /pHC. 16/. MaCCbl CTpyH B HHX B03HHKaiOT B pe-
3YnbTaTe nepeAa4H HMnynbCa. BTOPYIO rpynny MOAene>i npeACTaBnfl
IOT nporpaMMbl FRITIOF /11/ H ATTILA /12/. 

npo~eAypa MOAenHpoBaHHfl Anfl o6eHX rpynn MOAene>i npeAnona
raeT BblnonHeHHe Tpex waros: onpe,qeneHHe KOH4>Hrypa4HH esaHMo
,qe~cTBYIO~Hx HYKI10HOB, o6pa30BaHHe KBaPK-riliOOHHbiX CTPYH H He-
3aBHCI-1Mblilr pacna,q KBapK-rlliOOHHbiX CTPYH Ha Ha6J110,qaeMble a,qpOHbl. 
B KOHKPeTHOilf peaJ1H3a4HH K8>K,qoro wara 3aKJ1104810TCR OTJ1H4HR 8 
MOAenflX /7-1 21, 

B ,qaHHoH. pa6oTe, KoToPaR RBnReTCR npo,qon>KeHI-1eM pa6oT 113•1 · 4~ 
pa3BHTa MOHTe-KapJ10BCKaR MO,qenb KBapK-ril~HHbiX CTpyH,npe,qHa-
3Ha4eHHaR ,qnR onHcaHHR Heynpyroro ssaHMo,qeHcTBHR RAef· Mbl cy
Ll\eCTeeHHbiM o6paaoM onHpanHCb Ha peaynbTaTbl pa6oT 14•5• 51 • 
B Mo,qenH Y4HTbiBanHCb npo4eCCbl c nepe,qa4et1 4BeTa H nepe,qa4eH 
HMnynbca. 
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PHc. 1. KBapK-rnro
OHHaR CTPYKTypa 

HYKITOH-HYKITOHHOrO 

•B3aHMO,ll,e:H:CTBHJI 11 C 

nepep;aqe:H: QBeTa" 
/at H "6es nepep;a
l.IH I.J;BeTa

11 /6/. 
CnnmnHbie .rniHHH Ha 

pHCYHKe 0603Ha'tlaiDT 

KBapKH, OYHKTHpHbie - rmoOHbi, a BOJIHHCTbie JIHHHH 

CTpyHDI. 

rJIIOOHHbie 

M~ Mo.qenHpoeanH eaaHMO.qeHcTBHH TOflbKO npH o.qHoH Ha~anbHOH 

3HeprHH,200 r3B Ha HYKnDH. CHa4ana nposepHnH onHcaHHe Mo.qenbiD 

pp- H pXe -cTOflKHoseHHH, saT eM npHMeH~t~IU1 ee AJlR pac4eTa Heynpy

n1x CTOJlKHOBeH~rtti R.qep Klo1CI10po.qa C pa311Hl.IHb1Mio1 R.qepHbiMH MHWeHRMH 

H cpaBHHJlH pe3yJlbTaTbl paC4eTOB C peayilbTaTaMH 3KCnepHMeH

TOB/lQ-221. ~' HaKOHe4, HCnOilb30B8JlH MOAeilb AnR pac4eTa Heyn

pyrHX CTOJlKHOBeHHH RAep 30JlOTa. 

OnHCAHHE MO.QEJ111 

OnpeAeneHHe KOH~Hrypa4HH 
esaHMo.qeHcTey~~HX HYKilOHoe 

nOAXOA, T.e. Y4eT Taro, 4TO ynpyroe B3a~MOAe~CTB~e MemAY HYK

flOHaM~ npoHCXOAHT nocpeACTBOM o6MeHa OAH~M Hn~ HeCKOnbKHMH no

MepoHaMH, AaeT B03MOmHOCTb onpe~enHTb BepORTHOCTb KOH~Hrypa4HH 

B3alo1MOAe~CTBYIOtqHX HYKflOHOB n I 

-+ -+ ........... -+ 

olA (x2) 000 TB(yB -b) dx 1 o dx 2 ooo dyB o /1/ 

B I 11 T (x) ~ f p (x. z) d z BblpamaeTcR ~epea nnoTHOCTb HyKnoHoe 

e RAPe p(x,z)o Bblpa>KeHHe /1/ oaHa~aeT, ~To Heynpyroe eaaHMO

Ae~cTsHe ABYX APYrHx RAeP CBOAHTCR K HeaasHCHM~M HeynpyrHM 

B38HMOAeHCTBHRM OTAenbH~X HyKnOHOB. Ha B~pameHHH /1/ OCHOBaH 

anrop~TM MOAenHpoBaHHR KOH~~rypa4~H B3a~MOAeHCTBYIOtqHX HYKnOHOB. 

· Ha ycrosHR 

p(R) /·p(O) ~a, 121 
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rAe a =0,U5, HaXOAYIJ1HCb paAHYCbl RAep R. npH reHepa4HH KOOP
AHHaT HYKflOHOB HCnOilb30BanaCb CTaH.Q8PTHafl ¢opMa nnOTHOCTH HYK
fJOHOB 8 .A,QP€ 

rp /(1+exp(~)) 
i 0 b 

l p • exp ( -r 2 I R 2 ) , 
0 1 

A~ 12, 

P (r) = 13/ 
A.< 12 , 

c napaMeTpaMH b = 0,545 <PM " a= r 0 • A113 
<!>M, rAe r0 = 1,07 <!>M • 

.QnR RAeP c A < 12 napaMeTp R1 aaeHCHT OT KOHKpeTHoro RAPa. 
R,qpa-c¢ep~ sanonH.AflHCb HYKflOHaMH npH ycnosHH, ~TO pacCTORHH.A 
M€>K,QY HVIMYI 60JlbW€ Q ,8 $M • .anR Ka>K,qoro HYKJlOHa .A,Qpa P83blrpb1Ban
CR <!>ePMHeecKH~ HMnYJ1bC P , ne>Kaii\H~ e npeAeJ1ax 0 .:5 I PI :5 PF • 
MaK01ManbHbiH $epMHescKio1ilt HMnYilbC HYKllOHa 

P =( 3 ,2)1/3 ·hp1/3(r), ;4; 
F 

rAe h= 0,197 <!>M r3B/c. npYI onpeAeJ1eHHYI KOOPAHHaT VI HMnyJ1bCOB 
HyKnoHos npe,qnonaranocb H30TponHoe pacnpe,qen~HHe no yrny 
<P <;; ( 0. 2") " cos e <;; ( -1 • 1 ) . B npeAenax 0:51 b I :5 R A': RB H 
paHOMepHo no yrny paabrrpbraanc.A npl-1~€IlbHbiH napaMeTp b AI1R 
CTOJ1KHOBeHHR Ri\ep c paAHycaMH R A" RB· HaneTaiOII\ee RAPO "cABH
ranocb11 Ha 3TOT napaMeTp. 

BepORTHOCTb Heynpyroro CTOI1KHOB€HHR HYKil~HOB i -+H J-+ a
2
saBiri-

CYIMOCTH OT KBaApaTa npH4eJ1bHOrO na paMeTpa b lj = (X I - Yj ) on-
pe,Q€I1R€TCR 8 MO,Q€111-1 11KB831-13i1KaHafla 11 /lSI 

( b2 1 ( 2 l PIn lj , s ) = 0 1 - exp ( -2 u ( b lj , s ) ) /51 

~epe3 ~HCTO MHHMY~ aMnJ1HTYAY ynpyroro pacceRHHR HYKJ10HOB C o6-
M€HOM noMePOHOM 8 npe,QCTaBI1€HHH npH4€flbHOrO napaMeTpa 

2 2 
u (b

1
J , s) = z (s) exp (-b

1
J /4.>.(s)) !6! 

8eJ1H~HHbl Z (B) VI ,\(s), 3aBHCRII\He OT KBaApaTa nOJ1HOH 3HeprHH B 
Clo1CTeMe ~.teHTpa Mace CTaJ1Kio1Bal01qHXCR HYKIIOHOB S , BbiPa)f(aiOTCR 
~epea napaMeTpbl TpaeKTOPHH noMepoHa a~= 0,21 r3B; 2 " ap(O) = 

2 ..... -- . 2 
=1 , 11 r3B- 1<1 napaMeTpbl BepWI<1Hbl CBfl31<1 noMepOHa C HYKilOHOM 
R~ =3 ,2 r3B - 2 " 1p = 3,5 r3B - 2 , 

cyp 
8 

ap(0)-1 
z(s)= ·(-) , 171 A(s) s

0 
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181 

B 17 I ~ 181 K03<1>$H4~eHT Il~BHeaoro yc~neHHR c ~ 1 , 5 onpeAenReT 

BKila,q ,qH$paKLJ.HOHHO~ AHCCOU.Ha41o1H, a So = 1 r3B 2 
- pa3MepHbl~ na

paMeTp, B WHPOKoH o6nacTH H3MeHeHHR s Mo,qertb 11KBa3H3HKaHana 11 

onHCbiBaeT nonHoe ce4eHHe H HaKilOH pacnpe,qeneHH.R no nepe,qHeMy 

HMnYilbCY B ynpyroM pacceRHHH HYKilOHOB, OonHaR aepO.ATHOCTb 

B3aHMO,qeHCTBH.A p tot ( b;j , 8) H BepoRTHOCTb ,QH¢PaKU.V10HHOi1 AHCC0-

4Ha4HH HYKilOHOB pd (b~j ,s) onpeAellRIOTCR KaK 

2 2 2 
p (b ,s)~-[1-exp(-u(b ,s))], 191 

tot ij c ij 

1101 

B MO,qenRx /7- 121 AJl.R p
1
n ~~tcno!lb3YIOT He aaaHCRW.He OT s np~t~-

Gm·1meHHR 11 4epHo~o11 18•11 •
121 

ro" /7,9,10/ p (b2 ) ~ aaln 

In lj TT 

a 
P. ( b

2
. ) ~ fl ( b2 

-_ilL ) ~11~ ''cepo-
m iJ 1j TT 

exp (-a b 
2 

) AHCKOB C 3aAaHHbiM ce-
lj 

4eHHeM Heynpyroro B38HMO,qe&I!CTBH.A HYKilOHOB a
10 

• 

B pacl.leTax Mbl Hcnollb30BaJU1 ,qsa eapl-1aHTa MOAeJU1: eapHaHT 

11 1 P11 , KOr,qa MaKCHM8JlbHOe 4\IICJlO n -nap CTPYH, o6pa30B8HHbiX np1;1 

O,qHOKpaTHOM CTOJlKHOBeHHH HYKI10HOB, paBHO 1, J.1 sapHaHT 113P 11 , 

KOrAa 3TO 4HCI10 paBHO 3. 
Bepo.ATHOCTb o6paaoaaHH.A n-nap KaapK-rniOOHHbiX CTpyH npH 

2 /15/ 
HeynpyroM CTOJlKHOBeHHH HYKilOHOB onpeAeJl.AeTC.A 4epe3 U(bij ,S) 

2 n 
[2u(b 1J ,s)] 

,s) ~---------exp[ -2u(b
2 

,s)]. 
lj 

111 I 
n! 

06pa30BaHHe KBapK-CiliOOHH~X CTPYH 

Ha pHc. '~-2 noKaaaHa cxeMa o6paaoeaHH.A Kea pK-rlliOOHHbiX cTpyH 

B peayllbTaTe ABYXKpaT·Horo Heynpyroro B3aHMOAeHCTBH.A HYKilOHa 

H3 RAp a- CHapRAa Ha ABYX HYKilOHaX RAPa -MHWeHH. 

npeAnOnaraJlOCb, 4TO HYKJlOH MOmeT COCTORTb H3 BaileHTHOro 

KBapKa J.1 BaileHTHOrO AHKBapKa, a TaKme KBapK-aHTHKBapKOBbiX nap 

H3 MOpR. BaJleHTHble KBapKH HMeiOT paBHYIO, He aaBHCR~YIO OT apo

MaTa, sepORTHOCTb OKa3aTbC.A Ha KOHUaX CTPYHbl. BepORTHOCTb 
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PHc. 2. KBapK-rnrooH
HaR CTPYKTypa Heynpy
roro pacceRHHH HyKno
Ha H3 ~pa-cHaPRAa 
N p Ha p;Byx HyKnoHax 

1 - N H3 R,D;pa -MHmeHH T l H 

NT. 0603HaqeHHR Te 
)Ke ,2 

'liTO H Ha pHc. I . 

OKa3aTbCR Ha KOH48X CTPYHbl CTpaHHOrO 1-1111-1 04aposaHHOr.O MOpCKO
ro KB8pKa /aHTHKBapKa/ nO OTHOWeHH~ K U- 14111-1 d-KBapKy /aHTH
KBapKy/ noAaBneHa e .y5 HIH1 Yc pas. 

CneAyeT 3aMeTHTb, 4TO e MOAe.nl-1 HMeeTcR sosMomHOCTb pomAe
Hr.-IR 048POB8HHbiX 8AP0HOB, KOTOpa.R He Y41-1TbiBa!laCb npl-1 KOHKpeT
HbiX pac4eTax. 

Mbl paCCMaTpVIB811H CTOJlKHOBeHHR HYK!lOHOB 8 CHCTeMe Y1X 4eHTP8 
Mace, rAe HMnyJlbC HaneTaiOIJ.lero HYKilOHa paeeH P0 • npoAOilbHbl~ 
HMnyJlbC KOHCTI-1TyeHTOB 8 HYK110He pz onpeAeJ1RJ1C.R C nOMOIJ.lbiO n110T-

HOCTH Bepo.RTHOCTH Ha~TH KOHCTJ..1TyeHT C A011e~ 

/12/ 

B I 12/ u 0 - HOPMHPOB04HaR nocTORHHaR. !1en'• Ta-<J>YHK4HR Y4HTb/Ba
eT, L..!TO KOHCn1TYeHTbl YHOCRT BeCb HMnyllbC HYKilOHa. <PyHK41-114 pac
npeAeileHJ.1R Allfl Ba!leHTHOrO KsapKa Uv ( X-1 ), MOPCK(.1X KBaPKOB 
/aHTHKBapKoB/ U

8
(x

2
) ... H AHKBSPKS 

1
u (x

2 
) Bbr6HpSilHCb B BH-~/U ~ n 

llvl (xl) 
1 

vxl 

/13/ 

U (X ) ~ 1 
' 2 vx2 

{3 u (X 2n ) ~ X • 
v2 
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noKa3aTellb f3 HMeeT 3Ha4eHH~ 1 ,5 All~ UU -AHKSapKa 1-1 2,5 All.A 

ud-AHKBapKa B npQTOHe H 3Hal.leHH.A 1,5 All~ dd-AHKBapKa H 2,5 
AilR ud -A~KBapKa B He~TpOHe 141

• Bb16op <!JYHKu~~ /13/ COOTBeTCT

syeT 8 peA>I(eOHHO~ TeOpHH Y4eTy 11 HeyCHlleHHbiX 11 Al-1arpaMM - 06Me

HY Hesaa~t~MOae~CTBy~~HMH noMepoHaMH B ynpyroM HYKllQH-HYKllOHHOM 

pacce.AHHI-1/4/. 

EClll-1 An.A BalleHTH~X KBaPKOB B MOAell.AX/?-
101 

6pallH1b TaK~t~e 
)l(e <!>YHKu~~ u, (x 1), To AilR MopcK~x KBapKoB u

5
(x2) =-. B Mo-

l ~ 

Aell~X 111 - 121 All .A BalleHTHbiX KBa PKOB Bbt61-1pallHCb pacnpeAelleHH.A 

1 
uv(x)=x· 

B MOAellH KBapK-rlliOOHHbtX CTPYH
13

- 5
/ HeT OAH03Ha4HOro pet..ten

Ta An.A s~6opa ¢YHKL.tHH pacnpeAelleHitl.A KoHCTI-1TyeHTOB no nonepei.I

HOMY I-1MnYllbCY. 4T06bt o6D.RCHHTb POCT CpeAHero nonepei.IHOrO HM

nyllbCa l.laCTI-1Lt, po>KAeHH~X B HYKllOH-HYKllOHHbiX COYAapeHI-1.RX C 

3Heprlt1e~ 1131 , M~ npeAnOllarallH, \.ITO 1-1MnyllbC A1-1KBapKa KOMneHCH

pyeT nonepei.IHbte HMnYllbCbl APYri-1X KOHCTHTyeHTOB 8 HYKllOHe. Y1x no

nepei.IHbte HMnyllbC~ s~6!-1palli-1Cb Heaaalt1CI-1MO APYr OT APYra c noMo

Ll\biO aepO.ATHOCTI-1 

bl 2 ~ 
=-exp(-bp )dp 

TT 1 t t 
/14/ 

-2 
c b 1 = 15 13B • B cny4ae A~<!JpaKu~oHHo~ A~ccou~au~~ /p~c. 16/ 

1-1MnYllbC, nepeAaHH~~ HeB036Y>KAeHHOMY HyKllOHY, TaK>Ke onpeAell.Rll

CR C nOMOI!lbi0/!4/, HO C HaKilOHOM b1 = 20 i3B - 2 • TaKO~ Bb160p 

noaaollHll on1-1caTb pacnpeAelleHH.A no nepeAaHHOMY ~t~MnyllbCy, KOrAa 

KBaApaT MaCe~ B036Y~AeHHOrO B AH¢paKt..ti-10HHOM npot..tecce HYKllOHa 

MeHbWe 5 i3B21131 • 
l!To6bt o6ecnei.IHTb BblnOllHeHHe aaKoHa coxpaHeHH.A 3Heprl-11-1 np~-1 

He3aBHCI-1MO~ reHepat..tl-11-1 nPOAOllbHOro Ill nonepei.IHOrO HMnYllbCOB, AO

nycKallC.A 11 CXOA11 KOHCTHTyeHTOB C MaCCOBO~ noaepXHOCTI-1. KBaApaTbl 

MaCC KOHCTI,1TyeHTOB B~41-1Cll.Allii!Cb 4epe3 X, Pt H Po. 

3Ha.R nPOAOllbHbte 1-1 nonepe\.IHbte HMnYllbCbl KOHCTI-1TyeHTOB, MO>KHO 

onpeAellHTb MaCCbl 1-1 HMnyllbCbt o6paayi01J.1HXC.R CTpyH. [Clll-1 Macca 

CTPYHbl MeHbWe MaCCbl aAPOHa C TeM ~e, \.ITO 1-1 CIPYHa, KBapKOBbiM 

COCTaBOM, To npot..teAYPa p03btrp~wa X lit pt nOBTOP.AllaCb • 

,[lll.A nOBbtWeHvt.A a¢¢leKTHBHOCTI-1 pa6oT~ npOrj;aMMbl B CllYI.Iae CTOllK

HOBeHitl.A T.R>KellbtX .RAeP Macce CTPYH~ npltlcsavtaalloCb 3Hal.leHit1e MaCCbl 

aAPOHa. CoxpaHeHitle 3Hepr1-1vt o6ecne1.11-1BallOCb np1-1MeHeHit1eM npot..te

AYPbl 11 KoppeKt..tl-11-1 11
, KOTopa.A npeAllO>KeHa B pa6oTe ! 1 ?/ • 

Mbt VICnOllb30BallH HeHHBapltlaHTHY~ nepeMeHHYIO X B OTllllll.lltle OT 

pa6oT /3, 41 , rAe ~ttcnOllb30BallaCb HHBapltlaHTHa.A nepeMeHHa.A cseTo

aoro ¢poHTa x +. 

6 



/15/ 

E H E0 B /15/ 0603Ha4a~T COOTBeTCTBeHHO 3HeprH~ KOHCTHTyeHTa 
1-1 Ha4anbHY~ 3HeprH~ HyKnoHa. 

~nR Hawe~ aHeprww a cny4ae He6onbWHX nonepe4H~x Mace KOH
cn·nyeHTOB 3TI-1 nepeM€HHble 6IH1.3KH. 

Pacna.q KBaPK-rrr~OHHbiX CTPYH 
Ha Ha6J110,Qa€Mble a,QPOHbl 

Mo,qenHpoaaHHe pacna.qa CTPYHbt c sa,qaHHoc:l Maccoei, HMnYilbCOM 
H KBapKOBbiM COCTaBOM OCytqeCTBJlAJlOCb B CHCTeMe noKOA CTPYHbl C 
OCbiO z, Bbt6paHHO~ B,QOilb HanpaBrteHMfl nolleTa A,qep. npol.le,Qypa 
MO,QertHPOBaHHA pacna,Qa OCHOBaHa Ha anropHTMe ~Hil,Qa - ~eC1HMa-
Ha /liS/. npH pacna,qe CTPYHbl BbtnOilHAJlHCb 38KOHbl COXpaHeHHA 3Hep-
n1H-HMnYilbCa H KaaHTOBbiX YHCeJl, PaccMaTpHBallHCb nepexo,qbl 

KBapKOB /aHTHKBapKOB/ B Me30Hbl H 6apHOHbl /aHTH6apVIOHbl/ H ne
peXOAbl AVIKBapKOB /aHTHAVIKBaPKOB/ B 6apHOHbl /aHTH6apVIOHbl/ VI 
M€30Hbl, 

0THOW€HHA aepoATHOCTeC1 pom,qeHHA KBapK-aHTHKBapKOBbiX nap 
npH paspbrae CTPYH 6pani-1Cb paBHbtMH. 

P ( uii) : P ( dd) : P ( ss) : P ( cCi = 1 : 1 : Y 
8 

: Y 
0 /16/ 

8 KOHKPeTHbiX pac4eTaX napaMeTpbl, onpe,qe11RIOU4He BbiXO,q CTpaHHbiX 
H 04apoaaHHbiX a,qpoHOB, nonaraJU1Cb paBHbiMH Y8 = 0,3 H Y0 = 0. 
0THOWeH"'fl aepORTHOCTea:1 06paaoBaHHfl AHKBapK-aHTHAHKBdPKOBbiX 
nap H KBapK-aHTHKBaPKOBbiX nap 6pa11HCb 

p _:P -=y-. 
qq, qq q, q BB /17/ 

napaMeTp ·Y -, onpe,qenRtauv ... u1 pmK,qeH!.1e 6apHoH-aHTH6apHOHHbiX nap, 
HMen 3Ha4e~&e 0,16. 

B 11 3P"-aapHaHTe Mo,qeJH1 C4HTanHcb paBHbiMH aepoRTHOCTI-1 o6pa
aoaaHr.-~R ncea,qOCKailRPHblX H BeKTOPHbiX Me30HOB H3 ,qaHHbiX KBapKa 
H aHTHKBapKa. 8 3TOM BapHaHTe TdK}f{e C4HTdllHCb paBHbiMio1 H Be
PORTHOCTH o6pa30BaHVIR 6apHOHOB /aHTH6apHOHOB/ CO CnVIHOM 1/2 
H cnHHOM 3/2 Ha KaapKa-,qHKaapKa. B 111 P11 -aapHaHTe MO,qenlo1 ,qnR 
Y11Y4WeHHR onHCaHHR MHOmeCTBeHHOCTH aapRmeHHbiX 48CTH4 B pp
CTOJlKHOBeHHRX 3TH aepoRTHOCTH OTHOCHJlHCb KdK 3 K 1. Y4HTb1Bd
J10Cb CMeWHSaHHe KBapKOBbiX nap C yriJOM 45° y nces.qOCKaii.APHbJX H 
90° y SeKTOPHbiX Me30HOB, eCIIH o6paaosaBWH~C.A Me30H - H30CKaJ1.Ap. 
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BepoRTHOCTH nepexo11a AHKeapKoe /aHTHKBapKoe/ e 6apHoHbl 

/aHTH6apHOH~/ H Me30H~ COOTHOCHflHCb K8K 

p ;p ~3:2. 
qq-+B qq-+M 

I 18/ 

nonepe4H~H HMnYflbC KB8PKOB IAHKB8PKOB/ B B8KYYMHOH nape 

npH HynesoM nonepe4HOM HMnynbce caMoH nap~ pas~rp~sancR s 

COOTBeTCTBHH C sepORTHOCTb~ 

3b2 
-------dp, 

"(1 + b2p~) 4 

r11e b2 ~0,34 r3B-2 • 

npOAOflbH~e HMnYflbC~ p: H 3HeprHH 

~HH KOHCTHTyeHTOB C HMnYflbC8MH pq H 
ph+ E b z 

/19/ 

E h aAPOHOB npH <!JparMeHTa-

3HeprHRMH Eq onpeAeflRflHCb 

z 
4epea nepeMeHHble z = . , KOTOpble 

Pq + Eq 
reHepH,POB8J1HCb pac-

z h 
h h aq(pt) 

r (z) ~(l+a (p )) ·(1-z) 
q q t 

/20/ 

npH Z ~1 <!JYHK4HJI /20/ COBna11aeT C <!JYHK4He~ <!JparMeHTa4HH 

D:(z) KOHCTHTyeHTOB B aAPOHbl. KaK nOKa3aHO B pa6oTef5/ , nOKa-

3aTeJ1b a~(pt) 38BHCHT OT apoMaTa ~parMeHTHPY~~ero KOHCTHTy-

4HeHT8 H THna 8APOHa,s KOTOpbiH OH WparMeHTHPYeT, a T8K*e OT 

nonepe4HOCO HMnYilbCa a11p0Ha p
1

• 3Ha4eHHJI a~ (p
1

) 6pailHCb H3 

pa6oTbl 151 • 
B pa6oTax 1B- 101 3Ha4eHHR ah(p1

) Bbi6HpailHCb c noMOI!lbiO <I>YHK

UHH $parMeHTa4HH,3KcnepHMeHTantHo HSMepeHHOH a npoueccax e+e-

8HHHfHJ1R4HH HJlH rny60KQHeyn~yroro nenTQH-HYKflOHHOfO pacceRHHR 

npH nepeAaHHbiX HMnYilbCax Q > 5 r3B 2 • noeeAeHHe 3THX <!JYHK4HH 

npH Z -+ 1 He YAOBJleTBOpReT pi"A>f(eaCKHM aCHMnTOTHKaM AJlR MRrKHX 

aAPOHHblX B3aHMOAe~CTBH~ 161 • Haw Bb160p <!>YHKI.IH~ rh (z) 6I1H>Ke K 

ebl6opy B MOAeilJIX 17•12•131 • q 

noeeAeHHe <!>YHK4H" <!JparMeHTa4HH D~ (z)npH z ~ 0 KaK 1/z B 

HaweH MOAellH o6ecne~HBaeTCR HTepa~HOHHOH npo~eAYpOH paap~BOB 

r IliOOHHo~ CTPYHbl 1161 

KorAa Macca CTPYH~-ocTaTKa CTaHosHnacb MeHbWe, ~eM M0 = 

= MR + ~ , rAe MR - Macca pe3oHaH.ca c TeM )l{e, 4To 111 cTpyHa, 

KBaPKOB~M COCT8BOM, a flM = 0,3 r38 AJlR HeCTP8HHbiX Ill flM = 

= 0,5 r38 AJ1R CTpaHH~X 8APOHOB, TO nPOIIICXOAHJl nOCJleAHHH pac

naA CTPYH~ Ha ABa 8APOHa. HMnYilbC~ H 3HeprHH aApoHos - npo

AYKTOB pacnaAa B 3TOM CilY4ae OnPeAeJlRJlHCb yme He ~YHK~HRMH 

/19/-/20/, a H30TpOnHe~ pa3IleTa aAPOHOB H HX MaccaMH. npH Bbl-
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PMc. 3. Pacnpe~eneHHR 3apa
~eHHb~ qacTHQ no ry B pp-/a/ 
H pXe /5/•CTOnKHOBeHHRX. 
ToqKH • B3aTbJ H3 pa50Tbi/l8/. 
ilYHKTHpHaR rHCTOrpaMMa -
pacqeT C IIOMO~btO 11 1 P"· BapH
aHTa MogenH. CnnoillHaR rH
cTorpa.MMa - C IIOMOIII;btO "3P"
BapHaHTa MogenH. 

6ope aAPOHOB nP0~3BOA~J1aCb 6paKOBKa no ¢a30BOMy 06beMy 
C aepOF!THOCTbiO 

/21/ 

B /21/ ,\(a,b,c)~(a-b-c)2 
-4bc, 

V1 m 2 - MaCCbl aAPOHOB. 

noene Taro KaK pacnaA 6bln aaaepweH, ocy~ecTanr~ncr~ nepexoA 
8 06~y~ C~eTeMy ~eHTpa MaCe C nOMO~b~ npeo6pa30BaH~H nopeH~a 
~ noaopoTa ~Mnynbcoe nPDAYKToa pacnaAa. Yrnbl 3Hnepa a MaTP~~.te 
noBOPOTa OnPeAeJ1fiJ1~Cb C nOMO~b~ BeKTopa OAHOro ~3 KOHCT~TY
eHTOB, eBf!3aHHbiX rJllOOHHOH CTpyHOi:1 B C~eTeMe ~eHTpa MaCe 3H1X 
KOHCTY1TYeHTOB. 

PacnaA peaoHaHeoe reHep~poeaner~ c nOMO~biO Ta6n~~~ aepoRT
HOCTeH KaHanoe paenaAa, B3RToH ~3 ISAJET /17/. 

np~Mep paC4eTa C nOMO~biO HaweH MOAen~ i~cnOJ1b30BaHa npo-
rpaMMa-reHepaTOP co6biH1~ COLLI/ 2000 Heynpyr~x cTonKHoeeH~~ 
npoToHoa c npoToHaMI-1 1-1 RAPaM~ npeACTaaneH Ha pV1c.3. Ha 3TOM 
p~CYHKe pacc4~TaHHble pacnPeAeneH~fl sapr~H<eHHbiX 4aCT~4 no 6biCT-
poTe y~ ~ ~ -ln(tg}l I e - yron BblneTa/ cornacyiOTCR, a a ~cKni0-
4eH~eM 06naCTV1 ¢parMeHTa~~~ RAfa KCeHOHa, C 3KCnep~MeHTaJ1bHO 
V13MepeHHbiMY1 pacnPeAeneHY1RMI4118' A!lR o60Y1X eapY1aHTOB MOAen~. 

9 



PE3Ynb TATbl PAC4ETA CTOnKH08EHHA IIAEP 

8 3TOH 4aCT~ pa60Tbl Mbl npHMeH~t~IlH MOAeJlb K paCI.IeTy pa3m·14-

Hb1X xapaKTepHCTHK B3aHMOAei1CTBHi1 RAeP KHCilOPOAa C RAPaMH yrne
POAa, MeAH, cepe6pa 1.1 aonoTa H cpaBHio1JU1 peaynbTaTbl pac4eTa c 
pe3yilbTaTaMH 3KcnepHMeHTa WA 80 119 - 22: AnH Ka>+<Ao~ napbt HAeP 
ObiilO creHepHpoeaHo 2000 HeynpyrHX e3aHMOAe~CTBH~. 05pa5oTKa 
MOAe1llo1POBaHHbiX C06biTHi1 npOH3BOA1-1I1aCb B COOTBeTCTBVIH C Kpi-1Te

PHRMH OT6opa 8 3TOM 3KCnep~~tMeHTe. 0Hltl no.qpo6HO OnHCaHbl B pa-

6oTax119-221 . 0CHOBHOi1 nepeMeHHOH, KOTOpaR H3MePRI1aCb B 3KC

nep1-1MeHTe WA 80, 6b1Jla nonepe4HaR 3Hepn1R Et • 0Ha onpe.qenR
nacb CYMMapHoH nonepe4HOi1 3HeprHeH 4acn14, nceBA06biCTPOTbl Tf KO
TOPbiX aaKJ11048Hbl B onpeAeJleHHOM HHTepaane, 11 BJ.1Aio1MOM 1 1 YCTdHOBKOH. 

~ E
1 

sin e
1 

• /22/ 
n <n<n 

min max • 
8 /22/ AJlH Me30HOB E 1 RBilHeTCR nonHo~ 3HeprHe~, a AJlH 5apHOHOB 

Ei- KHHeTH4ecKoH aHeprHeH.nonepe4Ha.A 3Hepr~R Et ce.AaaHa c(Et~ 
~ N. <mt>) MHOM<eCTBeHHOCTbiO 4acT~U. N, HMeiOIJJ,HX e cpeAHeM nonepe4-
Hyl0 Macey <mt>.H3Mep.AR nonepe4HYIO 3Hepr~IO,MomHo,cornacHo pa6o
Te11~onpeAenHTb nnOTHOCTb 3Hepr~~ t, KOTOpaR AOCT~raeTC.A B 
ynbTpapenRT~B~CTCKHX coyAapeHHRX RAep 111 . 

1 dE 1 <m 1 > dN 

' -----~ 

8 /23/ r0 - epeMR aAPOHH3a4HH, o5bi'-<HO npHH~MaeMoe paeHbiM 
1 t!>M/c H R- paA~YC HaneTato~ero RAPa. 

/23/ 

AnR paa,qeneH~.A nepH~epH4eCKHX H u,eHTpanbH~x eaaHMo,qe~cTBH~ 
e ycTaHOBKe WA 80 HCnonbaoeanc.A eeTo-KanopHMeTp, KOTopbla:1 H3-
Mep.An 3HeprHIO 4aCTHU. e o4eHb ManoM yrne, MeHee 0,3°. 3ToT yron 
COOTBeTCTByeT Tl ::. 6. 

E = ~ E1 
VETO n >n 

i 

/24/ 

KpHTepHeM oT6opa HeynpyrHx cTonKHoeeHHa:1 / 11 MHHHManbHbla:1 TpHr
rep11/ cnyM<HnH perHcTpau,H.A no Kpa~He~ Mepe o,qHoa:1 aap.AmeHHO~ 4a
CTH4bl H H3MepeHHe EVE TO::: 0,88 E 0 - Ha'-<ailbHO~ 3HeprHH. UeHT
pailbHble coyAapeHHR RAeP oT5HpanHCb ycnoeHeM EVETO :::0,5 T38. 
HH>Ke 6yAeT npo,qeMOHcTpHpoeaHo, 4TO ManbiM 3Ha4eH!I1.AM EVE TO co
OTBeTCTByiOT 6onbwHe 3Ha4eHII1.A Et. 
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c PHc. 4. Pacnpe~eneHHe no 3HeprHH EVETO 

o.& i s O+C , 0 + Cu , 0 + Ag " O+AU cTom<:-

C.8 ,.----

. 

aoBeHH.R:X. To't!KH /• I B3.R:T&I H3 pa60Tbi /19/ • 
a.~ r HCTorpaMM&I - pacqeT. 
0.2 

0.0 1--........ -=i'L'---'--~--~>-~--' 

15 Cu i' PHC. 5. 3aBHCHMOCTb cpep;aeH MHO:HI:eCTBeH-

i HOCTH 38PIDKeHHbiX qaCTHIJ; nch H ee p;HC-

nepCHH OT 3HeprHH EVE TO B 0+AU CTOJIK

HOBeHH.R:X. fHCTOrpaMMbi H BepTHKaJibHble 

JIHHHH 0603Ha'tlaiDT COOTBeTCTBeHHO paCCQH

TaHHylO MIIO>KeCTB€HHOCTb H p;Hcnepcmo. 

Ag 

Au 

noL~~~k..J-".,..J-.....J 
0 fOOD 2000 3000 

10 

EveTo (r3B) 

0 80 160 
nch 

240 

ToG:KH • - p;aHH&Ie 3KCnepHMeHTa
1191 a 

CITJIOillHble JIHHHH - 3TO 3KCnepHMeHTaJibHb!H 

11 KOPH,ll;Op
11 p;HcnepCHH MHO)KeCTBeHHOCTH. 

~ 

" . u 
c 
v 

0.4 . 0.8 1.2 1.6 20 2.4 28 

E VETO ( T:>B) 

PHc. 6. Pacrrpe,n;eneHHH no MHO>Ke-
CTBeHHOCTH 3apaEeHHbiX qaCTHIJ; 

nch B HHTepBane no TJ p;nH 0+0 
H O+AU CTOJIKHOBeHHHx. BepxaHH 

PHCYHOK - pacnpe~eneHHH B HH

TepBane -1,7 _$ Tl ~ 4,2 H HIDK

HHH pHCYHOK - B HHTepBane 2,0 6 
~ Tt < 4 2. Tot~KH o H • BSHT&I HS 

pa5o;&t 1 ko; CnnoDIH&Ie H nyHKTHp

H&Ie rHc TorpaMM&I - pact~eT. 

11 



ijlf~=31 
. 0 M a.s i.2 1.6 2 2.4 2.8 .3.2 

EvETO ( T3B) 

PHc. 7. 3aBHCHMOCTb cpegaeH none
peqaoH 3HeprHH aa op;~y 3"apRJKeHHyro 
qacTHIJ,Y oT 3HeprHH EVEToMH O+AU 
CTOnKHOBeHHH. 0603Ha'lleHHH Te JKe, 'liTO 

H Ha pHc.4. 

PHc. 8. PacrrpegeneHHH no rronepeq-
aoH gaeprHH E t B O+C , O+Cu , ~ 
0+Ag H O+AU CTOJIKHOBeHHRx. 06o- r 
3Ha'lleHHf.l: T€ JKe, 'liTO H Ha.PHC. 4. 

2a c + 

16 ·I 
J2 ·~~~ 

.~ 

8 

F' 4 .., ..____ 
s;:; _, 

0 2 3 4 
-u 

z 50 
Au 

---- 40 

c 

ID 

sa 

Et ( f3B) 

30 
PHc. 9. Pacnpe~eneHHH gap~ea-

~ HbiX 'llaCTHIJ; TIO ry AJIR O+C , 
2a H 0 +Au CTOJIKHOBeHHft 

B C06blTHHX 1 Bblp;eJieHHblX 
<a 11

MHHHMaJibHbiM TpHrrepOM
11

• To'liKH 

-1 a 2 3 4 a - p;aHH&Ie 3KCnepHMeHT3 /20/ • 

Tl lHCTO!'paMMbi - pactteT. 
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~ 
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~ 
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I .. 

l1 
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I 20 .. I 
5 I 

• 
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0 
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'l 
PHc. 10. PacnpeAeneHHe sap~eHHb~ 'tlaCTH~ /6/ H npoTo
HOB I a/ no 7J QeHTpanbHbiX CTOJIKHoBeHHH O+AU • To'liKH 
• B3HTbi H3 pa6oTor 1201 • IIyHKTHpHbie nHHHH - rpaHHQbi 3KC

nepHMeHTaJihHbtx 3Ha'tleHHH. B3.RTbi H3 pa6oTbi /21/ • Cnnorn
Hbie H IIYHKTHpHbJe rHCTorpaMMbi - pacqeT COOTBeTCTBeHHO 

no 11 1 P''- H "3P" -BapHaHTaM Mo,o;enH. 

1.5 2.0 

r3B/fjJM3 

PHc. II. PacrrpegeneHHe no 
BbiCOTe IIJiaTO Pmax B OT-

"' 
p;eJibHbiX O+AU CTOJIKHOBe-

~ 

~ 
HHHX. 0603Ha'tleHHH Te ~e, 

'liTO H Ha pHC. JQ. 
~ ·-· 10 ,,_.'·i "" b ' 
~ 

d 

1 ~ 

0 20 40 60 80 100 120 

"'1-
p::j w& 
~ 

Jmox 
"" () ~ 0 " 

"' ..: fO! 

PHc. 12. llaBapHaHTHbie ce'tleHHH po)K,D;eHHH ~ fO 1 

rr
0

-Me30HOB KaK ~YHKQHH norrepe'tiHOrO HM- ~ 
~ ~0 IIYJlbCa pt 0 rHcTorpaMMbl - pac'tleT. To"tiKH '!0 

0 B3HTbl H3 pa6oTbi /22/. CrrJIOWHaH H ITYHK-
UJ 

THPHaH npHMbie - Q)HTHpOB3HHe COOTBeTCT-

BeHHO 3KCnepHMeHTanbHbm H pacqeTHb~ ce

qeHHft. 

10-' :--7---;;-----;-----' 
0 2 j 

Pt ( r3B/c) 
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noM~t~MO '-13MepeH~t~R 3aPR>KeHHbiX ~aCT'-'IU. 8 ycTaHOBKe WA 80 ~t~Me
JlaCb 803MOH<HOCTb 8bi,QeJ1RTb npOTOHbl 1.1 l.13MepRTb 1-1HKI1103'-18Hble pac

npe,Q,eileHV1R ~OTOHOB 1.1 rr
0

-Me30H08o 

PeaynbTaTbl pac4eT08, noKaaaHHble Ha p~t~co 4-9 1.1 12-15, nony

~eHbl c noMO~biO 11 1 P''-8ap~t~aHTa MO.Qen~t~ 0 

Ha Haw sarnRA, MO,Q,enb Hennoxo on~t~CbiBaeT pacnpe,Q,eneHl.1R no 

3Hepr~t~~t~ 8eTo-Kanop~t~MeTpa EvE TO. npe,Q,cTasneHHble Ha p1-1c 0 4 0 

Ha~t~60J1bUiee OTJl'-'I~VIe OT 3KCnep~t~MeHTa A11R MaJlblX EVE TO B CJ1y4ae 

peaKU.~t~'-'~ O+Au 0 6Il~t~3Ka K 3Kcnep~t~MeHTaJ1bHO~ 1-1 pacc4V1TaHHaR aa-

8'-'IC~t~MOCTb cpe,Q,He~ MHOH<€CTBeHHOCTVI aapRH<eHHbiX 4aCT'-1U. nch OT 

3Hepnt~t~ EVE TO' KOTopaR npe,Q,cTa8neHa Ha p~t~c 0 5o Ha p~t~c 0 6 no

KaaaHbl pacnpe,Q,eJleH~t~R no MHO)f(eCTBeHHOCTl-1 3apRm€HHbiX 4aCTl.1U, 

nch 8 ABYX 6biCTPOTHbiX VIHTepaanax 0 B cny4ae O+Au CTOilKHoae-

H~t~~ MO,Q,eJlb 80Cnpm13BO,Q,'-1T 3KCnep~t~MeHTailbHble ,Q,aHHble TOJ1bKO 8 

~t~HTepeane 2, 0 :S T} :: 4, 2 0 On~t~caHV!e MOA€Ilbl0 3KCnepl.1MeHTailbHbiX 

,Q,aHHbtX yxy,Q,waeTCR c YMeHbweHV!eM aTOMHoro HOMepa R,Q,pa-MV!weH~t~o 

npocnem~t~8aeTCR KOppeilRU.It!R MeH<,Q,Y Blti,Q,OM pacnpe,Q,eJ1eHl.1R no 

41-1CI1Y 11 paH€HbiX 11 HyKilOHOB/S,l 4 / 1-1 CTeneHbiO paCXO>K,Q,eH~t~R pe3Yllb-

TaTOB MO,Q,eJl'-1 1.1 3KCnepV1MeHTao YeM MeHbWe aCl.1MMeTpV1R CTaJ1KV1Ba

IO~V1XCfl R,Q,ep nO aTOMHOMY HOMepy, TeM Ha M€HbWe~ ,Q,I1V1He npl.1lJ.eilb

HOfO napaMeTpa npo~t~CXO,Q,V1T nOfilO~eH~t~e R,Q,ep K'-'ICilOPO,Q,a, Toeo 

6onbwe o6paayeTcR HyKnoHoe-cneKTaTopoe 1-1 TeM 6onbwe pacxom

,Q,eH~t~eo 

Cpe,Q,HRR nonepe4HaR 3Heprl.1R Ha OAHY aapRmeHHYIO 4aCTVIU.Y cna-

6o 3a81.1CV1T OT 3Hepr~t~V1 EVETO KaK 8 MO,Q,eil'-1, TaK VI 8 3KCnep~t~-
MeHTe, 4TO BHAHO V13 p'-'ICo 7o B MO,Q,eJll-1 3Ta BeJ11.14HHa B 3Ha~l.1-

TeilbHO~ CTeneHI-1 Onpe,Q,eJlReTCR nonepe~HbiM VIMnYilbCOM KOHCTl.1Ty

eHTOBo 

Y>Ke 6bJila OTMe4eHa CBR3 b nonepe4HO~ 3Hepr~t~V1 E t C MHO}I{eCT-

8eHHOCTbiO 4aCTV1U., no3TOMY ¢opMa pacnpe,Q,eJleH~t~R no Et AOilmHa 

noBTOPRTb ~OPMY pacnpe,Q,eJleH~t~R no MHOmeCTBeHHOCTH, ~TO nO,Q,

TBeP*AaeTCR p~c. 8. 
Pacnpe,Q,eneHVIR aapR}I{eHHbiX ~acTI-14 no 11 npe,Q,cTasneHbl Ha 

p1.1c 0 9 0 Mo,Q,eilb He aocnpol-13BOA'-'~T 3KCnep~t~MeHTailbHbte pacnpe,Q,ene

H~t~R B 06IlaCTI-1 ~parMeHTaU.V1VI M~t~WeHVIo C yMeHbWeHl.1eM aTOMHOfO HO

Mepa R,Q,pa-MHWeH~t~ yeenl-'t~VIeaeTCR pacxom,Q,eHV!e pac4eTHbiX 1-1 3KC

nepl.1MeHTai1bHbiX ,Q,aHHbiX B u.eHTpaJlbHO~ 06IlaCTI-1o 

B t...teHTpanbHbiX cToi1KHoaeHI-1RX O+Au , KaK noKaaaHo Ha pVIc 010, 
MO,Q,eJlb ,Q,aeT CY!4eCTBeHHO MeHbWH~, 4eM Ha6IliO,Q,aeMbl~ B 3KCnepl.1-

MeHTe, BbiXOA npoToHoa 0 PaCC41-1TaHHble pacnpe.QeneHI-1R no TJ Ailfl 

3apRH<eHHbiX 4aCTI-14 6JlV13KV1 K l.13MepeHHbiM, eCJll-1 I-1CKI1104HTb 06JlaCTb 

¢parMeHTalJ.V11.1 MI-1WeHI-1o 

VlaMePRR MaKCHMailbHble 3Ha4eHI-1R pmax a 6biCTPOTHbiX pacnpe,Q,e

neHI-1RX aapRmeHHbiX 4aCTY1U. .QilR Kam.Qoro OT,Q,eJlbHOro co6biTHR 1-1 

VICnOilb3YR BblpameHI-1e /23/ AJlfl nilOTHOCTH 3Hepn1H f , MO>KHO Bbl-
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PHc. 13. Pacc'tiHTaHHhie pacnpe,o;enemiR no EVE TO H aaBHCHMOCTb 

cpegHell MHOJKeCTBeHHOCTH 3aPIDKeHHhiX qacTHn; OT :=tHeprHH EVE TO" 
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nch Et ( r3B) 

PHc. 14. Pacc'tll-tTaHHbie pacnpegeneHHH no MHOJKecTBeHHOCTH gapH

:lKeHHbiX qacTiuJ; nch H norrepe"t!Holi 3HeprHH Et . 

4VICJU1Tb,KaKoro 3Ha4eHHfl ,QOCTHraeT 3Ta BeJllt1414Ha B Fl,qepHbiX 

cTo!lKHoseHHRX /sepxHlHI IUKana p~c 0 11 I o Hawa MOAe!lb AaeT 6n~a

KHe 3Ha4eHVI:A. 

PeaynbTaTbl pac4eTos ~t~HsapvtaHTHbiX ce4eHHH po}I(AeHI-1R '"0 -Me3o

HOB KaK ~YHK41o1~ lo1X nonepe~Horo lo1Mny~bCa cpasHio1Ba~TCR Ha p1o1c.12 
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PHc. 15. Pacct.IHTaHHoe pacnpe~ene
HHe 3apiDKeHHhiX t.IacTH~ rro TJ gna co-
6biTHH, BbJ,IJ;eJieHHhiX 

11
MHHHMaJibHbiM 

TpHrrepoM". 

C 3KCnepHMeHTaJlbHbiMH HHBapHaHTHbi

MH Ce4eHHRMH. ~3 pHCYHKa BHAHO, 
4TO AilR CTQJlKHOBeHHa:1 0+AU cneKTPbl 

11° -Me30HOB HMeiOT ABa pa3HbiX Ha

KnoHa AnR P, 6 0,8 r3B/c H AnR 
P, > 0,8 r:>B/c. EcnH ~HTHpoBaTb 
3KcnepHMeHTallbHbre H pac4eTHbre AaH

H~e 3aBHCHMOCTbiO npH 

P, 2:0,6 r3B/c 

dN 
--:::exp(-p /T ) 

dP t o 
t 

/25/ 

TO eeJU141-1Ha T
0

, nony4eHHaR a 3Kc

nepHMeHTe, cocTaBnReT 207 M3B, 4TO 
60l1bWe TeopeTH4eCKOH, paBHOH 
160 M38, 

3~ecb YMeCTHo aaMeTI-1Tb, 4TO 
pB3Y11bTaTbl HaWI-1X paC4eTOB 6Jli.13KH 

K pe3YilbTaTaM, nOI1Y4eHH~M C nOMO
~b~ WHpOKO npHMeHR~~HXCR AI1R aHa

JU13a 3KcnepHMeHTanbHb/X AaHHbiX nporpaMM-reHepaTopoa co6biTHH /S,ll( 
3To YKaablaaeT Ha onpeAei1RIOI.4Yto po!lb 11RAepHoH reoMeTpl-11-1 11 181 

/B~6opa KOH~Hrypa4HH B3aHMOAe~CTBY~~HX HyKnOHOB/ B MOAenRX. 
B 6nH>Ka~wHe roAb. llEPH nnaHHpyeT ycKOPRTb RAPa c 6onbWHMH 

aTOMHbiMH HOMepaMI-1, n03TOMY Mbl npoaeJlH paC4eT 1 0p0 HeynpyrHX 
CTOilKHOBeHHH RAep 30JlOTa, KOTOPble o5pa6oTaJ11.1, HCnOI1b3YR TaKVIe 
me, KaK a 3KcnepHMeHTe WA 80, KPHTep14H oT6opa co6biT~t~H. 

Pac4eT cToilKHoaeHHH RAeP sonaTa noKaaan Bb/COKYto 3$$eKTHe
HOCTb pa6oTbl nporpaMMbl COLLI. CpeAHee npo4eccopHoe epeMR AnR 
pac4eTa OAHOrO C06biTHR C nOMO~b~ 38M 1061 COCTaBHnO 15 C, 

3TH pac4eTbl nPHBeAeHbl Ha PHC, 13-15. 8e3Ae YKa3aHbl CTaTH
CTH4eCKHe OWH6KH paC4eTa. ~CXOAR H3 npOAenaHHOro aHanH3a y~e 
nony4eHHbiX 3KcnepHMeHTanbHbiX AaHHbiX,. cneAyeT O>KHAaTb OTnH4He 
pac4eTHbiX 1-1 3KCnep~MeHTaJlbHbiX eeJlH4HH. TeM He MeHee nOA06Hble 
pac4eTbl MoryT 6b1Tb none3Hbl npH nDCTaHDBKe H npoBeAeHHH 6YAY-

~HX 3KCnepHMeHTOB. 
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3AKJ10YEHHE 

Pa3B~Ta MOHTe-KapnoBCKa~ aepC~R MOAe!l~ KaapK-r!l~OHH~X CTpyH 

Aflfl on~t~caH~tt.A .RAPO-RAePHbiX CTOilKHOBeHHIIi np~t~ YilbTpapenRTVIBHCT

CKVIX 3HeprV!RX. MoAeflb HCnOilb3YeT 3aBVICR~Y~ OT 3Hepr~t~VI aepORT

HOCTb Heynpyroro B3aVIMOAe~CTBVIR HYKilOHOB VI peAmeBCKHe aCV!Mn

TOTVIKH ¢YHK4VI~ pacnpeAeJleHHR VI ¢YHK4VI~ ¢parMeHTa4HH KOHCTH

TyeHTOB. 
ConocTaeneHI-'Ie pac4eTHbiX ..., 3KCnepY1MeHTa!lbHbiX AaHHbiX noKasa

no, 4TO XOT.A PRA 3KCnep14MeHTaJlbHbiX xapaKTepJ.IICTJ."'K PO>f<AeHio1R '-la

CTI-14 BOCnPOVI3BOAVITCR MOAe!lbiO, OHa He Om1CbiBaeT 3aBVICHMOCTb 

3TI-1X a·em·14vtH oT aTOMHOro HOM epa RAP a -MVIWeHI-1. BenVIKO pa3JH14He 

3KcnepVIMeHTailbHbiX 111 pac4eTHbiX AaHHbiX a o6nacTI-1 ¢parMeHTaLtVH1 

RAPa-MVIWeHI-1. 
MoAeilb He aocnpolr13BOAY1T 3KcnepHMeHTanbHbli1 HaKnOH HHaapH

aHTHblX pacnpe,qeneHI-1i:1 n.? nonepel.!HOMY 1-1Mnynbcy rr0 -Me30HOB. 

npeHe6pemeHHe 8 MOAenl-1 B3aHMOAe~CTBI-1eM KaapK-rn~HH~X CTpyH, 

nepepacceRH111eM BTOPHl.!HbiX a,qpOHOB 111 >KeCTKHMI-1 COYAapeHH.RMI-1 KOH

CTI-'ITyeHTOB RBn.ReTCR, Ha HaW B3rnRA, OCHOBHO~ npl-'ll.!HHO~ paCXOm

AeHHR TeopHH H 3KCnepHMeHTa. Yl.!eT 3THX nP04eccoa onpeAen.ReT 

AanbHei1wl-1e nyTII1 coaepweHcTaoaaHII1R MOAena-1. 

Mbl 6naro,qapHbl aa o6cy>+<AeHHR 1-1 KPHTHKY A.b.Ka~Aanoay 111 
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