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1. BBEAEHHE 

OrpoMHble 3aTpaTbl Ha C03A8HHe yCKOpHTenea.i H AeTeKTHPYIOU!.HX 

YCTaHOBOK Tpe6yiOT TUI.aTe/lbHOrO nporH03HpOBaHHR 3KcnepHMeHT811b

HOH CHTya~HH. BoaHHKaeT Heo6xoAHMOCTb aAeKsaTHoro, T.e. c y4e
TOM 3KCnepHMeHTallbHbiX YCnDBHi:i, H TPYAOeMKoro conocTaBileHHR 

60I1bWHX 06DeMOB 3KCnepHMeHT8/1bHOi:1 HH¢QpMa~HH C peay/lbTaTaMH 

TeopHio1. Bee 3To nopoAHJlO MHoro4HcneHHble nporpaMMbl-reHepaTopbl 
CTOilKHOBeHHH aAPQHOB H aTOMHbiX RAeP npH BbiCOKio1X 3HeprHRX. 0HH 

OCHOBbiBaiOTCR Ha ycnexax CTaHAapTHOi:1 TeopHH CH/lbHbiX H 3J1eKTpo

CJ1a6biX B3aHMOAea.1CTBHH H P8311H4HbiX $eHOMeHOI10rH4eCKHX MO~eneH. 

HaH6onee WHPOKY~ HaeecTHOCTb nony4HnH nporpaMMa ISAJET ;11 H nporpaMM~ nYHACKoro YHHBepcHTeTa, B 4aCTHOCTH, PYTHIA 2 

H FRITIOF13/. 3TH nporpaMM~ npeTeHAY~T Ha onHcaHHe ece~ o6na
CTH nepeAaHHbiX HMnyllbCOB Q2

, OT ~eCTKOrO paCCeRHHR KBapKOB 

~ rn~OHOB AO o6pa30BaH~.A ~ pacnaAa aAPOHOB, 4TO H OfibHCH.AeT 

HX nonyn.ApHOCTb o 

HacTOH~a.A cTaTb.A nocsH~eHa AailbHeHweH paapa6orKe KOMnneKca 

nporpaMM COLLI / 4/ H o6ecne4HeaeT eoaMO~HocTb MOAenHpoeaHHR 
M.ArKHX 8APDHH~X CTOilKHOBeH~H np~ 3Hepr~.AX KOililaHAepoBo 

B Ka4ecrse ~H3~4ecKoH MOAen~ cTonKHOBeH~~ aAPOHOB COLLI Hc

nonbayeT MOAeflb KBapK-rn~OHH~X CTPYH /MKrC/ / 5•61 , HaBeCTHY~ 
e~e noA HaaeaHHeM AYanbHO~ napTOHHO~ MOAenH/7/ . 

0CHOBOH MOAe!lH KB8pK-riliOOHHt.IX CTpyH .RSil.RIOTC.R 1/N-pa3110)t(eHHe 

aMnilHTYA~ npo4eCC08 B KBaHTOBOH XPOMOAHHaMHKe ~ ~eHOMeHonorH-

4eCKHe MOAeilH CTpyHHOro THna, Om1CbiBaiO~He nepeXOA~ K8apKOB 

8 aApoHblo Paano)t(eHHe aMnllHTYAbl a,q,poHHbiX npo~eccos no senH4HHe 

1/N, rAe N- 4HCI10 apoMaTOB HilH 4BeTOB KBapKa, MO)t(HQ npeACTa

BHTb AHarpaMMaMH C pa3IlH4HOH TOnOilOfHe~o npH BbiCOKHX 3HeprH.AX 

3TH AHarpaMMbl COOTBeTCTBYIOT npo4eccaM, OTBe4aiO~HM 06MeHy B t

KaHane oco6eHHOCT.AMH PeA>Ke 0 HanpHMep, nnaHapHble AHarpaMMbl oT

ee4aiOT oQMeHy BTOPH4H~MH peAmeoHaMH, a 4HI1HHAPH4eCKHe - nOiliO

CaM noMepaH4YKa B ynpyrOM pacce.AHHHo HaKOHeu, cy~eCTBYIOT AHar

paMMbl C fionee CilOmHOH TOnOilOrHeH, KOTOPble COOTBeTCTBYIOT npo

uecCaM C OfiMeHOM HeCKOilbKHMH noMepoHaMHo 0HH HrpaiOT Sa)t(HYIO 

POilb 8 cny4ae HaAKPHTH4eCKOro nOMepoHa C HHTepcenTOM ap(0)>1, 
TaK KaK HX BKilaA B aMnilHTYAY pacce.AHHH paCTeT C 3Hepr~t~eH fibiCT

pee, 4eM BKnaA OAHOnoMepoHHOro o6MeHao AHarpaMMaM rononorH-

4eCKoro pa3JlO)t(eHH.A CTaBHTC.A B COOTBeTCTBHe npoCTpaHCTB8HHO-
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apeMeHHaR KapT~Ha o6pasoaaH~R ~ pacna,qa $H3H4ecKHX o6oeKTOB -
KBapK-r lliOOHHbiX CTpyH. HeCMOTpR Hp H.Q€0110ri-14€CKO€ CXOACTBO M€>K

AY MO,Q€l1b10 KB8pK-rJltoOHHbiX CTPYH 15•61 H AY8llbHOJII napTOHHO!If MO
,Q€JlbJ0/7/, npH paC4€T8X nO 3THM MO,Q€11RM HCnOllb3YIOTCR ¢YHK~HH 
pacnpe,qeneHHR KB8PKOB no nPOAOilbHOMY HMnYllbCY H ¢YHK4HH ¢par
M€HTa4HH KBapKOB B a,qpOH~ C P8311H4H~M aCHMnTOTH4€CKHM noae,qe
HY1€M. 8 3TOM CMbiCJle Hawa pa60T8 6JlVI>K€ K ,MOA€11H KBapK-riltoOHHbfX 
CTPYH/ 5•6/ ~ RBnReTCR nPOAOnlK8H~8M pa60T/ 9,!0/ , B KOTOpbiX 6bln~ 
paCCMOTp€Hbl nP04€CCbl, OTB€4810LqHe nnaHaPHbiM H 4HJ1HHAPH4€CKHM 
,qHarpaMMaM, a TaKme Y4HTbfaanHCb nonpaBKH K 4Hl1HHAPH4€CKHM ,qHa
rpaMMaM. Cne,qyeT OTMeTHTb, 4TO nepsaR MOH/T~-KapnoscKaR aepCHR 
AY8JlbHOi:1 napTOHHOi:1 MO,Qeillll 6btila C.QeJlaHa 8 S/ • 

B nocne,qy~~~~~x paa,qenax np111ae,qeHo no,qpo6Hoe on~AcaH!IIe ,qaHHo~ 
sepC!IIIII MOHTe-KaPilOBCKO~ MO.Qeil!ll KBapK-rJ"IIOOHHbiX CTPYH Ill CpaaHe
HIIIe pe3yilb TaTOB MO.Qeil!IIPOBaHI-1R C 3KCnePIIIMeHTaJ1 bHbiMI-1 ,QaHHbiMI-1. 

2. OnHCAHHE MOHTE-KAPDOBCKO~ MOAEDH 
KBAPK -rn!OOHHbiX CTPYH 

Mo.QeJl!IIPOBaH!IIe Heynpyr!IIX CTOJlKHOBeHIII~ a,QpOHOB nplll BbiCOKI-1X 
3Hepri-1RX BKJ1~4aeT 8 ce6R TPIII OCHOBHbiX wara: 

- Bbr6op npou,ecca c o6pasosaHI-1eM onpe,qeneHHoro 41-1Cila 111 THna 
KBapK-r IliOOHHbiX CTPYH; 

- onpe,qeJleH!IIe .QOile~ npo.QOJlbHOfO HMnYilbCa a,qpoHOB, YHOCHMbiX 
KOHCTI-1TyeHTaMIII, 1-1 nonepe4HOrO HMnYilbCa KOHCT!IITyeHTOB, 3HaR KQ
TOPble, MO}I(HO BbJ4111CJ1HTb MaCCbl H HMnYilbCbl KsapK-ril~OHHbiX CTPYH; 

- MOAen~poBaH~e pa3pb1BOB CTPYH C o6pa30BaH~eM aApoHOB. 

2.1. Bb16op npo4ecca c o6pa3osaH~eM 
onpe,qeneHHOro l.li-1CJ1a H THna KsapK-riliOOHHbiX CTPYH 

Ha pvrc. 1 npe,qcTasneHbr no,qnpou,eccbr c pom,qeHHeM 4aCTHU., KOTo
Pbre y4HTb1BailHCb npH MO,QeJlHPOBaHHH CTOilKHOBeHH~ 4aCTHU, BbiCQKHX 
3HeprH~. CTaT!IICTH4eCKH~ sec K~}l(,qoro H3 no,qnpou,eccos BblpamaeTcR 
1.1epes cet.~eHHe ssaHMo,qe~cTaHR .QilR ,qaHHOro no,qnpou,ecca ui(s): 

w.(s)=a.(s)/a. (s), 
1 1 In 

/1/ 

rAe a in ( s) = a tot ( s) - ael ( s) - Ce4eH~e Heynpyroro B3a~MOAei1cT
BIIIR a,qpQHOB npH aa,qaHHOM KBa,qpaTe nOilHO~ 3HeprHIII 8 CHCTeMe 
48HTpa Mace s. Ce4eH~e a in (s) pa3AenRnocb Ha ce4eH~e A~<llpaK-
4~0HHbiX a

0 
( s) ~ C848H~8 H8A~<!lpaK4~0HHbiX B3a~MOA8HCTB~i1 aND ( S), 

noilHOe CelfeHHe B3aHMO,Qet1CTBHR a,QpOHOB O'tot (S) , Ce4eHHe ynpyro
ro B3aHMO,qeMCTBHR O'el (s), Ce4eHHe O.QHOBepWHHHO~ .QIII$paKU,IIIOHHOH 
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PHc.l. KBapKoBaH CTPYKTypa nog~po~eccoB po~eHHR qacTHQ, 
yqHTbmaeMhlX npH MOgenHpOB3HHH pp-B33HMOgeftCTBHH npH 

BbiCOKHX sHepriDix: a/ MHororroMepoHHbie pacceRHHH; 5/ rrpo

Qecc AH~paK~OHHOH AHCCo~aqHH C B036~eHHeM MaiTOft 

MaCCN; B/ IIPOQeCC AH~PaKQHOHHOft JJ;HCCOQH3QHH C B035~e
HHeM 6on&moH MaCchl; r/ rrpoQecc JJ;BOHHoft AH~paKQHOHHoft 

JJ;HCCOIJ;H3Il;HH • 

AI1CC0411a41111 a 0 ( s) 11 ABoi1Hoi1 A11<!JPaK4110HHoi1 AI1CC0411a41111 a00 ( s) 
6paflHCb H3 3KCnepHMeHTaflbH~X AaHH~X C KBaAP8TH4HO~ HHTepnon~
~HeH s npoMe~yT04H~x no 3HeprHH T04Kax. Heynpyroe HeAH$paK~HoH
Hoe ce4eHHe saaHMOAeHcTBHR MomHo e~paaHTb 4epea ce4eHHe o6paao
eaHHR n nap KBapK-r.ntOOHHbiX CTPYH / 11 paspeaaHHbiX 11 noMepoHOB/ 

a (s)~ l: "• (s)+a
00

(s). 
ND n~ 1 

/3/ 

Mo,qenb 11 t<Ba3H3Ht<oHana 11 I lO/ AaeT B03MO>KHOCTb onpeAeilHT b an ( s) 

"P 
"• (s) ~ -- (1- exp (-z) nz 

4 

k 
z 

k!), n;:l. /3/ 



1\ B Bblpa>KeHHH /3/ "P = Srrys z 
2Cysl\ · 

--------.napaMeTpbl y H R2 

R
2 

+ a~1ns 
onpe,qen~~T een~~~HY CBR3~ a,qpoHa c noMepoHoM.napaMerp C Y4~Tbl
eaer orKnoHeH~e or 3~KoHai1bHoro np~6n~meH~R /C=l/. Ben~4~Ha 

~=a P (0)- 1 ecTb npesbrweH~e VIHrepcenra rpaeKroplt11-1 noMepoHa 
Ha,Q e,QV!HV!~e~, a a~- HaKnoH rpaeKTOPVIVI noMepoHa. 

CraTV!CTl.14ecKvce aeca o6pasoaaHVIR n-nap KBapK-rnrooHHbiX crpyH 
8 MO,Q€Jllt1 3a,QaBalllt1Cb TaKme B napaMeTpH4€CKOM BV!,Qe: 

( ) ( 1 A 
2) -B(s)n 

wn s = + n e /4/ 

MaKCVIMBJlb HOe 4V1C110 nap KBapK-r JliOOHHbiX CTpyH paBH.AilOCb 12. 0THQ
CVIT€JlbHbl€ BKJlB,Qbl npo~eCCOB O,QHOB€pW!.o1HHOi1 ,QI-1¢paK~VIOHHOi1z ,QVICCO

~V1a~V1V1, npe,qcraaneHH~e Ha pHc.16 1t1 pV!c.ls, a AV1¢paKUV110 a,qpoHoa, 
Onpe,qeJlRJllt1Cb 143 cpaBH€Hit1R Teopen14€CKIIIX VI 3KCnepVIM€HTaJlbHbiX 

pacnpe,qeneHr.-~171 no Kaa,qpaTy aos6ym~HHO~ MaCCbl, 1-1 oKasam1Cb np!-1-

MepHo O,Qit!HaKOBblMI-1 npl-1 3Heprl-11-1 vfs = 23,3 r38. 

2.2. Onpe.QeneHit!e .Qone~ npo.QOJlbHoro ~Mnynbca 
aAPOHOB, YHOC~MbiX KOHCTI-1TY8HTaM!-1, 

1-1 nonep81.1Hb1X ~MnYJlbCOB KOHCT~TY8HTOB 

npe,QnOJlaraJlOCb., !.ITO M830H MQ}K8T COCTORTb 1-13 BaJl8HTHbiX KBap

Ka lt1 aHT\.1KBapKa 1-1 MOPCKVIX KBapK-aHTit!KBapKOBbiX nap. 5aplt!OH /aH

TJ.16aplt10H/ .lv!Oh<8T COCTORTb 1-13 BaneHTHbiX A14KBapKa /aHTJ.1.QJ.1KBapKa/ 

VI Ksa pKa I aHTJ.1KBa pKa/ a TaK}f(e MOPCK~X KBa pK -aHTVIKBa pKOBbiX nap. 

BaneHTHble KsapKI-1 /aHTV!KBapKI-1/ lt!MeiOT paeHyiO, He saBJ.1CR~YIO oT ~r~x 
apoMaTa, B8PORTHOCTb OKa3aTbCR Ha KOH4ax CTpyHbl. 3Ta B8pORT

HOCTb .QJlR CTpaHHOrO KBapKa /aHTI-'IKBapKa/ 1-13 MOpR M8HbW8 8 y 
s 

pa3, !.18M .QJlR H8CTpaHHOrO KBapKa /aHTJ.1KBapKa/. 

8 nporpaMM8 8CTb B03MO>KHOCTb yl.leTa Ol.lapoBaHHbiX KBapKOB, 

HO 8 .QaHHbiX paCI.I8TaX aepORTHOCTb J.1X nORBJl8HI-1R B np048CC8 B3aJ.1-

MO.Q8~CTBJ.1R nonaraJlaCb paBHO~ HYJliO. 

Mbl paccMaTpi-1aan~ cTOJ1KHoaeHJ.1R 1.1acn14 a 1-1x CJ.1CTeMe 48HTpa 

MaCC. npo.QOJlbHbl8 14MnyJlbCb1 KOHCn1TyeHTOB piz , 1-13. KQTOpbiX CQCTQ

Io<1T a,qpOH, Onp8.Q8JlRJlJ.1Cb C nOMO~biO ~YHK4J.1J.1 nJlOTHOCTI-1 eepORTHOCTI-1 

p" 
1 

Po 
o6Ha py>KeH~R AOJll-1 xi _Hal.laflbHoro J.1Mnynbca a.QpoHa P

0
: 

n 

~ 
i=l 

x.)f (x
1
).f (x

2
) ••••. r (x)/5/ 

1 v
1 

s v
2 

n 
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8 /5/ p0 - HOPMHPOB04HaH nocToHHHaR, a ~YHK~~~ pacnpeAene

HHR BaneHTHbiX f vl (x 1) KBapKOB /aHT~KBapKOB/, MOPCKHX f 5 (x2 ) 

KBaPKOB /aHT~KBapKOB/ ~ A~KBapKOB /aHT~A~KBapKOB/ fv (xn) 6pa-
2 

nHCb AnR npoTOHOB H aHTHnpOTOHOB B cneAY~~eM BHAe: 

r 
v1 

1 
r. (x2 )~ -~~ 

yx2 

r (xn)~xfl 
v2 

fJ 
UU- AHKBa pKa 

dd- A~KeapKa. 

!6/ 

nony4eHHe cny4a~Hb1X aenH4HH B COOTBeTCTBHH C nnOTHOCTb~ ae

PORTHOCT~ /5/ ~ ~YHK4~RM~ /6/ npOBOA~nOCb MBTOAOM ~CKn~4B-
HHR I 12/. Ka>KAOe xi, i = 1 ,2, ... , n -1 reHepHpaaanocb He3aBHcH

MO H no pacnpeAeneHH~ 

-ai i-1 

fi(xi)~xi ( 1- l: 
j~O 

n-1 

ai = 0,5; fln ~ 
i~1 

n-1 
a xn = 1 - :E xi • 

i == 1 

fln 
xi -x) 171 

i 

(1-ai)+ll- l (1 -a J ) ' 
i ~ 1 

!B! 

/9/ 

.QnR At-1¢lpaK~HOHHOH Al>tCCOt.tHat.tHH npoToHa /aHTHnPoToHa/ pacnpe

Ae~eHHe aaneHTHbiX KBapKOB /aHTHKSapKOB/ no X 6panoCb B BH-
AB/&/ : q 

P (x )~p 
v q 0 

1 a 
----(1-X ) 

- q 
vxq 

/10/ 



u-K8apKa /aHTHK8apKa/ 

d-KBapKa /aHTHKBapKa/o 

~onR ~Mnynbca Ha4aJlbHoro npoToHa /aHTvtnpoToHa/,yHoCvtMoro AH
K8apKoM, pa8HRJlaCb 

xqq~l-Xqo /11/ 

B cny1.1ae AH$paK4HH npoTOHa vtnvt aHTHnpoToHa 8 cooT8eTCTBHH 

C npe,qcTa8JleHHbiMH Ha pvtC. 18 H 1 r AHarpaMMaMH, AOJlR HMnYilbCa, 

YHOCHMaR MOPCKOi:i napoli! KBapK08 XqQ , reHepvtp08ailaCb C nOMOU4biO 
¢YHK4HH pacnpeAeneHvtR: 

/12/ 

B 3TOM cny1.1ae npeAnonaranocb, 4TO 

x qq ~ 0,141 rso /13/ 

8 MOAeJlH K8apK-r11100HHbiX CTPYH /S,S/ HeT OAH03Hal.IHOro peu.enTa 

Allfl Bbi50pa $YHKU.HH pacnpeAeJleHHR no non~pe4HOMY HMnYilbCY KOH
CTHTyeHTOB, ~3 3KCnepvtMeHTa H38eCTHO/lS/, 4TO cpeAHHH nonepe4-

H~~~~ HMnynbc 4aCTHU. onpeAeneHHoro copTa pacTeT c y8eJlH4eHvteM 

3HeprHH B3aHMOAeHCTBYIO~HX 4aCTHLJ.. 3TOT poeT MOmHO nOilY4HTb, 
eCJlH npeAnOnOmvtTb, 4TO AHK8apK /aHTHAHK8apK/ ~ npoToHe /aHTH

npOTOHe/ YHOCHT nonepe4Hb1H HMnYilbC, paBHbli:1 no senvt4vtHe H npo
THBOnOilQmHbtH no SHaKy, CyMMapHOMY nonepe4HOMY HMnyJlbCY OCTanb

HbiX KBapKoe /aHTHKBapKos/. BcneACTBvte aoapacTaHHR 4vtcna o6pa

ayeMbrx KBapK-rJliOOHH~X CTpyH, C poCTOM 3Heprvtvt yseJlr.14H8aeTCR no

nepe4Hb1H HMnyilbC AHKBapKa /aHTHAr.iKBapKa/, eCJll-1 nonepe4Hbllli HM

nyilbC OCTailbHbiX K8apKOB /aHTHKBapKOB/ onpeAeJlRTb He3aBHCHMO 

H3 BepoRTHOCTH: 

!q ( p2) l p 
.!. .!. 

2 
d p 

.!. 
/14/ 

)
-2 

c napaMeTpoM HaKnoHa b1 ~ 10 (f3B/c o 
AnR nony4eHvtR nonepe4Horo vtMnYilbCa KeapK08 /aHTHKaapKoa/ 

B npou.ecce AH~paKU.HOHHOH AHCCOU.HaU.HH npoToHa /aHTvtnpOTQHa/, 
vtao6pameHHoro Ha pvtc. 15, TaKme vtcnonbaosanocb s~pameHvte /14/, 
HO c APYrHM napaMeTpoM HaKnoHa, b1 ~ 20 ( f3B/c)-2 o Bblpa)l(eHHe 
/14/ c napaMeTpoM HaKnoHa b1= 8 (f3B/c)-2 Hcnonb3osanocb np11 
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--
nony4eHHH nepeAaHHoro Heeoa6ymAeHHOMY HnH soa6ymAeHHOMY npoTo

HY /aHTHnpoTOHy/ HMnynbca/ B cny4ae OAHOBepwHHHOH HDH ABYXBep
WHHHOH AH$paK~HH. Cy~eCTBYeT MHOro MeTOAOB nony4eHHR cny4aHH~X 

eenH4HH C 3aAaHHbiM 3Ha4eHHeM a /1 o/
12
7 HOPMaDbHbiMH /14/ pacnpe-

AeneHHRMH, OHH nOApo6HO onHCaH~ B H BXOART B CTaHAapTHOe Ma-

TeMaTH4eCKOe o6ecne4eHHe 3BM. nony4eHHe cny4aHH~x 4HCen c aa
AaHHOH ~YHK~HeH Pac~peAeneHHR /12/ MOmHo opraHHaoeaTb MeTOAOM 

o6paTHOH ~YHK~HH 1121 • YcnoeHe /13/ o6ecne4HeaeT pomAeHHe CTPYH 
c MaccoH,6onbweH Mace~ nHoHa. 

B~nonHeHHe aaKOHa coxpaHeHHR aHeprHH nPH HeaasHCHMOH reHepa

~HH npDAOflbHOH H nonepe4HOH KOMnOHeHT HMnYflbCOB KOHCTHTyeHTOB 

a npoToHe /aHTHnPOTOHe/ rapaHTHposanocb npeAnonomeHHeM o cxoAe 

KOHCTHTyeHTOB C M8CCOBOH nosepxHOCTH, T.e. 

2 ~ 

mq~f(xq,P.L ,s). /15/ 

3HaR npoAOilbHble H nonepe4Hble HMnyilbCbl H KBaApaTbl Mace KQH

CTHTyeHTOB, MOmHO onpeAeilHTb Macey H HMnYilbC o6pa30BaBW~XCR 

o6beKTOB - KBapK-rn~oHH~x CTPYH. Ecn~ Macca aToro o6beKTa MeHb

we MaCC~ CTa~~JlbHOrO aApoHa C TeMme KBapKOB~M COCTaBOM, TO ee

JlHlH1Hbl x 1o1 fl. AI1R KOHCTHTyeHTOB nepeonpeAenRilHCb-+. AnR noe~we
HHR CKOPQCTH C4eTa MOmHO He nepeonpeAeilflTb X H pi , a CYHTaTb, 

4To Mace~ o6beKTOB paBHbl Macce CTa6HnbHoro aAPOHa/ H nepeonpe

AeilRTb Po , TeM caMbiM H3MeH.R.R pacnpeAeneHHe no x 141. 

2.3. MoAenHpoeaHHe paapbleoe CTPYHbl 
c o6paaoeaHHeM aApoHoe 

MoAenHpoeaHHe paspbleoe CTPYHbl c aaAaHHoH MaccoH, HMnYilbCOM 

H KBapKOBbiM COCTaBOM ocy~eCTBilflilOCb B CHCTeMe nOKO.R CTPYHbl 

c ocb~ z, Bbl6paHHOH BAOilb HanpaeneHH.R noneTa Ha4ailbHoro aApo

Ha nyTeM paBHoeepO.RTHOrO OT~enneHHR aApOHOB C 06oHX KOH40B 

CTPYHbl. npo4eA~a MOAeilHPOBaHHR pacnaAa OCHOBaHa Ha anropHTMe 

~HnAa-~e~HMaHa 15/, nOAP06Ho onHCaHHOM"a19j~;OAHaKo a AaHHOM 
CI1y4ae HMeeTCR P.RA cy~eCTBeHHbiX OTilHYHH OT • npemAe BCero, 

npa-1 pacnaAe OTAeilbHOH CTPYHbl BblnOilH.R~TC.R 3aKOHbl coxpaHeHHR 

3Hepn"'H, HMnynbca "" KBaHTOBbiX 4HCe11. PaccMaTpHeaiOTCR nepexoAbl 

KBapKOB /aHTHKBapKOB/ B 6apHOHbl /aHTH6apHOHbl/ H nepeXOAbl aHTH

AHKBapKOB 8 aHTH6apHOHbl H Me30H~. Bee HCnOilb3yeMble MOAbl (f)par

MeHTa4HH npeACTaBJleHbl Ha PHC.2. 

OTHOweHHe eepo.RTHOCTeH pomAeHH.R KBapK-aHTHKBaPKOBbiX nap, 

B03HHKatOUV1X npH paapbiBe CTpyHbl, 6paJlOCb paBHbiM: 

P ( uii) : P ( dd) : P ( ss) : P ( cc) ~ 1 : 1 : y : y 
s c 

/16/ 
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ql 

q 

q 

qq 

qq--.. 

P11c. 2. Moro.r c!.JparMeHTan;HH KBapKoB, aHTHKBapKoB 

H ,iJ;HKBaPKOB B Me3QHbl H 6apHOHbl, HCllOnbgyeMbte B Mop;enH. 

npH KOHKpeTHbiX pac4eTaX Y s = Q ,3, a y C = 0. 0THOWeHI4e eepofJT

HOCTe~ o6pa30BaHHR AHKBapK-aHTHAHKBapKOB~X nap K eepoRTHOCTH 

o5pa30BaH&-1R KBapK-aHTHKBapKOBbiX nap Bbi6HpailOCb: 

p : p - ~ y - ~ 0,16 . 
qq,qq qq BB 

/17/ 
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C4HTanHCb paaH~MH aepoRTHOCTH o6paaoaaHHR nceaAoCKanRPH~X 

H BeKTOPH~X Me30HOB, a TaKme 6apHOHOB CO CnHHaMH 1/2 H 3/2: 

P(O-): P(1-)~ 1:1, 

p (1/2+): p (3/2+) ~ 1 : 1 • 
/18/ 

Y4HTb1Banocb cMew~rtaaHHe KBapKOBbiX nap c yrnoM 45 ° y nceBAOCKa

nRpHbiX H 90° - Y BeKTOPHbiX Me30HOB, ecnH o6paaoaaBWH~CR Me30H 

6~n H30CKanRPOM. BepoRTHOCTH nepexoAa AHKaapKa /aHTHA~KaapKa/ 

B 6apHOHb1 /aHTH6ap~ttOHbl/ H Me30Hbl COOTHOCHnHCb KaK: 

p qq ~ B : p qq ~ M ~ 3 : 2 • /19/ 

nonepe4Hbl~ HMnynbC KBapKOB /Air1KB8pKOB/ B B8KYYMHOC1 nape /np~rt 

HyneaoM nonepe4HOM lr1Mnynbce caMo~ napbl/ pa3bWPb1BancR 8 cooT

aeTcTBirtH C BePORTHOCTb~; 

2 3B 
!(P~ )d P~ ~-----2---, /20/ 

" ( 1 + BP~ ) 

r,qe B= 0,34 (r3B/c)-
2 • npo,qOilbHbiH HMnYilbC "' 3HeprHR POlK,[!eHHo

ro a,qpoHa onpe,qenRilHCb 4epea nepeMeHHble z~(E+PJih/(E+PII)q• 

aenH41r1Ha z reHepHpoaanacb c noMO~b~ pacnpeAeneH~rtlrt BHAa: 

h a 
r q(z)~ (1 + a)(1- z) . /21/ 

npH z ~ 1 3Ta <!JyHK~HR co8na,qaeT c ¢lYHK~Hei1 ¢lparMeHTa~HH D~ (z) 

K8apKa /aHTHK8aPKa/ HilH ,qHK8apKa /aHTHAHK8apKa/ 8 a,qpoH h. KaK 

noKaaaHo a pa6oTei6/ , noKa3aTenb a aaaHc~rtT oT apoMaTa ~parMeH
THpy~~ero KOHCTirtTYeHTa, THna aAPOHa, 8 KOTOPbl~ OH nepeXOAHT, 

H OT nonepe4Horo H~~ynbca aApoHa. 3Ha4eHHR a a Ka~AOM cny4ae 

6panlr1Cb 1-13 pa60Tbl /S/, noaeAeHHe !l>YHKU,HH !l>parMeHTal..IHIII npH Z-+ 0, 

h 1 " " /15/ 
KaK Dq (z)- -z , o6ecne4~t~BaeTcR HTepau,HOHH0~1 npol..leAYPOI-1 paa-

pblaoa cTpyHbl. 
KorAa Macca cTPYHbl-ocTaTKa cTaHoBHTCR MeHbwe, 4eM M0 = MR + 

+6-M , rAe MR- Macca pe30HaHca C TeM me, 4TO H CTpyHa, KBapKo-

8biM COCTa80M, a i\M = 0, 35 r 36 8b16paHa H3 C006PalKeHHH 611H30CTH 

K KHHeM8TH4eCKOMY npeAeny H H3 3KOHOMHH C4eTHOrO apeMeHH, npo

HCXOAHT 38K~4HTenbHbiC1 pacnaA Ha ABa 8AP0Ha. KHHeMaTHKa pacna

,qa 8 3TOM Clly4ae Onpe,qenReTCR ylKe He <!JYHK~HRMH /20-21/, a H30-

TponHe~ paaneTa 8APOHOB C 6paKOBKO~ no !l>a30BOMy o6MeHy C Be

poRTHOCTb~ 

/22/ 
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2 
B /22/ >. (a,b,c)~ (a-b-c) -4bc , Ms - Macca CTPYHbl, a m1 
111 m2 - MaCCbl aAPOHOB, RBilRJOUlHXCR npOAYKTaMH pacnaAa. 

nocne Taro, KaK pacnaA cTpyH~ sasepweH, ocy~ecTBnReTcR nepe
XOA 8 o6~y~ CHCTeMy 4eHTpa Mace CTaJlKHBa~~XCR aAPOHOB C no
MO~b~ npeo6paaoeaH~~ nopeH~a ~ noeopoT nPOAYKToe pacnaAa.Yrnbl 
3~nepa a MaTPH4e nosopoTa onpeAeilRilHCb c noMO~b~ eeKTopa HM
nynbca OAHOrO H3 KOHCTHTyeHTOB B C.4.M· CTPYH~. 

B nporpaMMe HMeeTCR aosMomHoCTb MOAen~posaTb pacnaA o6pa
sosaswHxCR pesoHaHcoa aHanorH4HO/s/. 

3. CPABHEHWE PE3YnbTATOB MOAEnWPOBAHWH 
C 3KCnEPWMEHTAnbHbiMW AAHHbiMI1 

__ Uenb~ MOAeilHposaHHR pp H pp-B3aHMOAeHCTBH~ npH 3HeprHRX 
.,js ~ 23,3, 53, 200, 546 H 900 r3B 6blno onpeAeneH~e napaMeTpOB 
MOAeilH, CBR3aHHbJX C BbiXOAOM pe30HaHCOB, nOAaBJleHl-1eM CTpaHHbiX 
4aCTH4 H 6apHOH-aHTH6apHOHHbiX nap, C pacnpeAeJleHHeM BTOpH4HbiX 
4aCTH4 no nonepe4HOMY HMnYilbCY. MoAen~PYR pp H pp-saaHMOAe~cT
BHR, Mbl XOTenH BbiRCHio1Tb, B KaKO~ Mepe cy~qeCTBYIOUV1e TeopeTH4eC
K~e npeACTasneHHR H a.nrop~TMbl pac4eTa, HCnO.nb30BaHHble B MOAe-
111-1, n03BOJ1HIOT OnHCaTb HMeiO~HeCR 3KCnepHMeHTanbHble AaHHble. 

~11R KamAO~ 3HeprHH 6biJ10 creHepHpoBaHO 10 4 CTOflKHOBeHH~, 
a B C11Y4ae AH~paKUHOHHO~ AHCCOUHaUHH - 10 5 CTO.nKHOBeHH~. 

npH aHanHae pacnpeAeneHH~ aapRmeHH~x 4aCTHU no nceBA06blcTpo
e 

Te ~~ -ln ( tg--) '-l~CilO nap KBapK-r~OHHbiX CTpyH, pO>KAeHHbiX 
2 

8 KamAOM HeAH~paKUHOHHOM B3aHMOAe~CTBHH, CHa4ana reHepHpoBa.nOCb 
c noMe~•~ Bblpa>KeH~R /3/. np~ pac'-leTe ~cnon•aoean~Cb cneAY~~e 
napaMeTpbl MOAen~ "KBa3~3HKOHaria" fgf ; Li= 0,07; a'p=0,25 r3B-2 ; 
y = 3,64 r3B-2 ; R2 ~ 3,56 r3B-2 PeaynbTaTbl cpaeHeHHR pac'-leTa 
c 3Kcnep~MeHTallbHbiMH AaHHbiM~ hal np~eeAeHbl Ha Jl.HC. 3a. Cornac~e 
c 3l<Cnep~MeHTOM nony'-leHo TOnb~O WJR 3Hepr~~ ..; s = 546 r3B. Ec
flH nOA06paTb napaMeTpbl MOAenH ll/ TaK, 4T06bl onHCbiBanHCb non
Hble Ce4eH~R pp-eaa~MOAeHCTBM~ B ~HTepeane y--= 53-900 r3B 
H, 8 4aCTHOCTH, yaeJ1H4HTb 1.\ AO 1.\ = 0,11 , TO Bee paC4eTHble 3Ha-

4eHHR ~I a 3TOM HHTepsane 3HeprH~ oKa>KYTCR aasblweHHbiMH. 
d~ ~=0 dn /la/ 

MomHo aocnpol1aaecTa.t 3KcnePHMeHTa11bHble pacnpeAe.neHHR d';1 
ecnH AflR HaXO>KAeHHR 4HCna nap KBapK-r1100HHbiX CTPYH HCnOflb30SaTb 
BbiPa>KeH~e /4/ c napaMeTpaM>I A= 3,5 ~ B= 2,9-0,21lnyg-/pHc.36/. 

Ha pHc.4 npHBeAeHo cpasHeHHe TeopeTH4eCKHX H 3KCnepHMeHTanb-

E + PII 
HbiX pacnpe,AeneHHti .,,± -MeaoHoa no 6biCTpoTe Y-= 0 ,5ln - , rAe 

E -PI I 
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MogefrcTBHii npH -.js = 53 (.t.), ZOO (0), 546 (+) "900 f3B(•) , nonyqeHHbre rpyrmofr UA5/!B/ 
H B MKrC /r>rcTorpaMMbr/, a/ c napaMeTpaM>r/!1/; 6/ c napaMeTpH32f.\Hefr /4/. 
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PHc .4. Pacnpe,t:~eneHHR ,+ ( e )H ,- ( o) no 6biCTpoTe 
AHcl>paK!1HOHHbiX1 Pll- I a/ H pp I 6/ -agaHMoAeiicTBHHX 
ys= 53 f3B 117/ H B MKfC(&,A). 

Y B He

JIPH 

E H p 11 - COOTBeTC!_BeHHO 3HeprHR H npoAOllbH~ HMfiYllbC /1ac;:TkU, 
po>KAeHHbiX B pp H pp-B3aHMOAeHCTBHRX npH v'• = 53 r3B 71 • BHA
HO, 4TO MOAellb Ka~eCTBeHHO BOCnpoH3BOAHT 3TH pacnpe.qeneHlrtR f<8K 
B Cll}"lae pp- /pHC. 4a/, TaK H B CI1y4ae pp-B3aHMOAeHCTBH>t 
/pHc.46/. 

Ha pHc. 5 AeMOHCTPHPYKlTCR 6onee AeTallbHble, 4eM Ha PHC. 3, pac
npeAeJleHHR 3apR>KeHHbiX 4aCTHII no nceBA06biCTpoTe AliA cllHKcHpoBaH
Horo HHTepeana MHO*eCTBeHHOCTeH. ~3 3THX pacnpeAeJleH~H cTpoH
llHCb 6~CTPQTH~e KOppeJ1R4HOHH~e ~YHK4HH, npeACT8BlleHHwe HH*e. 
KaK BHAHO H3 PHC.5, TeopeTH4eCKHe rHCT.orpaMM~ 6J1H3KH K 3KCne-
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PHc. 5. P acnpe,o;eneHHH gapRJKeHHbiX qaCTHI.t n+ no ncesp;o5bi

cTpoTe TJ npH ¢HKCHPOBaHHblX MHO)KeCTBeHHOCTHX 0+ : n+:$} 0 (o); 

I2Sn± ::;20 (t); 42~n. :;50 (o); 72::;n± ::;80}-,.)-B He-

p;HQ:>paKu;~-IoHHbix pp-B3aiD:.to,o;eH:CTBHHX npH 546 f3B l6 

" B MKrC /rHcTorpaMMbi/. 
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PHc.6. Pacrrpe~eneHHH no rronepeqHoMy HMITYRDCY 3ap~eHHhlX 
'<aCTH11__C I y 1 < 2, 5 ,B ~;~e,o;HijJpaKA><OHHbJX pp-ssamw,o;ei\CTB><HX 
IIPM v s = 546 rsB I lSI I CIIJIOmHaH KPHBaHI " B MKrc I I'MCTo
rpaMMal. 

PHMeHTaJ1bHbiM T04KaM/lS/. Ha pHc.6 npeACTaeneHo onHcaHHe, c no
MO~b~ MOAenH 3KCnepHMeHTaDbH~X pacnPeAeneHHH, 3BpRmeHH~X 4a
CHII.\ no nonepe4HOMY 11MnYJ1bCY a HHTepeane 6blcTpoT lY I< 2,5 
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8n110Tb AO P.L = 4 f3B/c. CnnowHo~ mtH"e~ Ha P"C. 6 "ao6pa"'eH <t>"T 

3Kcnep.,MeHTa1lbHoro pacnpeAeneH"A no nonepe4HOMY HMnYilbCY Its/. 

AilA 3Hepr"~ ~ ~ 53 f3B pacnpeAeneHHe no MHO)!(eCTBeHHocTH 

aapA)!(eHHblx 4aCTH~ Pn. o6bi4HO npeACTa811AeTcA 8 <t>opMe ofr ( z) = 

= <n!: >, Pn±' r,qe z = n~ I <n± > , KOTOpa.A He saBHCHT oT 3Hepr~H 
cTanKHBa~~HXCR 6apHoHoa. 3To TaK Has~saeM~H KN0-cKeHnHHr;19/ 
npH 6onee 8biCOKHX 3HeprHAX OH HaPY,7waeTCA, " 8 KNO-pacnpeAene

HHH nORBilReTCR ,QllHHHblil! 11xaocT 11 120 • KaK BHAHO H3 PHC.], Hawa 

MOAellb socnpoHSBOAHT 3To HapyweHHe KNO-cKeHnHHra. Pacnpe,qene
HHR nO MHOmeCTBeHHOCTH sapRmeHH~X ~aCTH~ B HHTepsanax nces,qo-

6biCTpoTbl 1'71 <'lc np" 3HeprHH y8= 546 f38 Cpa8HH8atOTCA C pac-
4eTH~MH rHCTorpaMM8MH Ha pHc.8/ H3 KOTOPoro BHAHO, 4TO MO,qellb 

AaeT 611"3KHe K 3KCnepHMeHTy/2l pacnpeAeileHHA. 

16 
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PHc.7. PacnpeAeneHHH no MHOEeCTBeuuocTH 3ap~euuwx 
qacT~ B nepeMeHHbJX l<NO B·He,o;m)paKIUiQHHJ,IX pp-CTOJIKHo

BeHHHX nPH ys= 53(+) H 546(•) r,.B720/, noJI}"'eHHble 
rpynnoA UAS, H s MKrc /cnnomHble nHHHH/. 
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PHc.8. Pacnpep;eneHHR no MHo~ecTBeHHOCTH 3ap~eHHb~ 
tiaCTHI..J; n B HHTepBanax rrceap;o5oiCTpOTbi 111 I< 1Jc ,_ 
ry = 0, 5; I , 5; 3, 0; 5, 0 ( • ) B HeA,<i>PfKIIHOHHbiX pp-
B~aHMogeilcTBHRx npH ys = 546 f3B 21 " B MKfC /rn-
cTorpaMMoi/. 

6 pa6oTe/22/ 6b!Im 06HapymeHbl KOppe!1R~I111 Me>KAY MHO>KeCTBeHHQ
CTRMI1 aapRmeHHbiX ~acn1~ B nepeAHe<i (F) "' aaAHe<i (B) nonyc¢epax. 
Ha p~c.9. noKa3aHa saBHCHMOCTb cpe~HeH MHomecTseHHOCTH aapRmeH
HbiX 4aCTHU. s aa,qHeH nonyc¢lepe < n g> , lo13MepeHHoH s HHTepeane 
-4 < TJ < 0, OT MHO>t<eCTBeHHOCTH B nepe,qHeH nonyc{f>epe nF AI1R CHM

MeTp11~HOCO 11HTepBa!la 0 < ry < 4 np11 3Hepri1RX y S = 200, 546 

17 



18 

<ns> a) 900r3B 
30 
25 

20 ~ 
I 

1s r 
I 

10 i 
si 

15 

10 
5 

15- ~) 200 )38 

10 

5 
I I 

0 5 10 15 '20 2J JJ 35 n F 

PHc.9. 3aBHCHMOCTb cpeAHero qHcrra sapH~eHHb~ qacTHQ 
B gaAHeH rrorrycq,epe <nB > oT qHcJia sapmKeHHbiX qacTHu; 
s rreE_eAHefr rronyc<!>epe nF rrpH 0__:: I~ I< 4 B HeA'J'l!~j'KL\HOH
HbiX pp-B3aHMoAeHCTBWIX ITP!'I ys = 546 138 (0) 
HBMK!C(+). 



1-1 900 138. 3Ta saBHCHMOCTb annpOKCHMHpyeTCR JlHHeHHoH :liPYHK
U.HeV! 

/22/ 

napaMeTp b xapaKTepa.-tsyeT Be~H4HHY KOppeJlRU.HH. 3TOT H3Bne4eHH~H 
a.-t3 3Kcnepa.-tMeHTaJlbHbiX AaHHblx napaMeTp pacrer c 3HeprHeH. Teope
TH4eCK~e T04Ka.-t HeCKOilbKO npesblwa~T 3Kcnepa.-tMeHTanbHble. B MOAe-
11~ HaKJlOH TaKme paCTeT C yBeJla.-t4eHHeM 3Hepra.-tH, TaK KaK npH 3TOM 
yBeJ1H4HBaeTCR BKJlaA 8 AaHHbiH HHTepBaJl nceBA06biCTpoTbl 6onbwero 
41-1Cna u,eno4eK. 

nonb1TKa BOCnpOH3BeCTH .B MOAeJlH ABYX48CTI-1411ble KOppenRU,Hio1 
no nceBA06blcrpoTe AilR sapRmeHHbiX 4aCTHU. 

1 dan dan 
:£ ------) • 
n <T d~ d~ ~ ~o.~ ~~ 

/23/ 
1 2 1 2 

1 d(T d<T 1 
CL (0 ·~ )~(- --------+- :£ 

2 dn dn (T n a .,1 .,2 

1 dan dan 
-------) "n d ~ d ~ ~ ~o, ~ ~ ~ 

1 2 1 2 

- /23/ npH 3HeprHH CTOJlKHOBeHHR yS = 546 136 npHBeAeHbl Ha pHc.10. 
IJ18AKHe KpHBble Ha 3TOM pHCYHKe H Aanee nony4eHbl H3 paC4eTHblX 
ra.-tcTorpaMM nyTeM CiJlamloo1BaHHR cnnaHHaMH/24/. ~3 pHCYHKa BHAHO, 
4TO MKIC npaBHilbHo nepeAaeT xapaKTep KoppenR4HH. B MOAeilH Ko
poTKOAeHCTay~~"'e KoppenR4"'"' c8 (0,~)B03HHKa~T rnaBHbiM o6pa30M 
npH pacnaAe pe3oHaHcoa "' KnacTepoa c MaccoH M8 < MR + i\M. 

YMeHHe MOAeilHPOBBTb AH~PBK4HOHHY~ AHCC04HB4H~ B CTOilKHOBe
HHRX aAPOHOB npa.-t BbiCOKHX 3HeprHRX, Ha HaW BSrJlRA, npemAe scero 
COCTOHT B on~;~caHHH pacnpeAeneHa.-tH no KBaApaTy MaCCbl BOs6ymAeH
HOH CHCTeMbl Mi, no nepeAaHHOMY 4eTblpexHMnY.IlbCY ·t = -(Pp- Pp)2, 
rAe PP H P; - 4eTblpex~;~Mnynbc 4aCTHU.bl AO H nocne pacceRHHR, 
H B npaBHJlb~OM onHcaHHH pacnaAa B036ymAeHHOH CHCTeMbl Ha aAPO
Hbl. CreneHb cornacHR pe3yilbTaToB MOAenHpoaaHHR npo4ecca A"'~

paKU.HOHHoH AHCCOU,HaLI,HH B pp-ssaHMOAeHCTBHRX H pesyJlbTaTOB 3KC
nepHMeHTa/25-27/ noKa3aHa Ha pHc.11-13. Ha pHc.11 AeMOHCTpH
pyeTCR pacnpeAeneHHe no Mi, nony4eHHoe pac4eTHbiM H 3Kcnepa.-t
MeHranbHbiM nyTeM. BKilaA noAnP04eCCOB /16/ H /1a/ B 3TO pacnpe
AeJleHHe onpeAeJlRilCR cTaTHCTH4eCKHMH secaMH: 
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PHc. 1 0. .UBYX'l!aCTH'liHhte 

KoppenH~HH rro rrceBgo-

6bJCTPOTe B Hep,H<lJpaKI.J;liOH

Hb!X PP-B3aHMogeHCTBHfiX 

IIPH Js = 546 r3B/23/. 

a/ C ( 0 , ry )( o ) , 
6/ CL(O,ry)(D), 
s I c8 ( o, ~ l ( o ) " s MKrc 
/crrnomHaH KPHBaH/. 

a in ( s) 

0,55 a 0 (s) 

wle= -;--("s_) __ 
In 

/24/ 

Hawa MOAenb, KOHe4HO, 

He MOmeT npeTeHAOB8Tb 

Ha on~caHHe pesoHaHCH~x 
nHKOB B pacnpeAeneH~H 
no M; • naAeHI4e Teope

TH4eCKO~ KPHBO~ npH 

Mi,;l ,9 I3B 2 cs~3aHo 
C orpaHH4eHHRMH, HaKna

AbiBaeMbiMH Q>asoBbiM o6De

MOM. Ha p~c.12 np~BeAe

HO P8C4eTHOe H 3KCnepH

MeHTanbHOe pacnpeAene
HHR no nepeAaHHOMY HM

nynbCY npH $HKCHPOBaH
HOM KBaApaTe B036ymAeH

HOH MaCCbl Mi. B Ka4eCT

se Hnn~cTpa4HH onHCaHHR 
pacnaAa B036ymAeHHOH 
CHCTeMbl Ha PII1C. 13 npHBe

AeHbl pacnpeAeneHJ.1R sa

PRmeHHbiX 4aCTH4 no ncee
A06~cTpoTe ~ AnR s~6paH

HoH MaCCbl M x. 

CpeAHHe xapaKTepHCTH

KH npo~ecca HeAH¢paK-
4HOHHOro B3a~MOAeHCTB~R, 
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PHc. 1 I. Pacnpep;eneHHe no KB~paTy Maccw M; B036y,Kp;eHHoH 
cHcTeMbi npH iPHKCHpoBaHHOM nepep;aHHOM HMnynbce \ t \ = 
= 0,025 (f3B/c)2 B pp ~pX H pd ~dX npH s = 500 f3B 2 /£&/ 
H B MKrC /cnnoWHaH nHHHH/, a TaK~e B cnyqae npo:u;ecca 
,[!;HQ)paKIJ;HOHHOH ,llHCCOIJ;H3IJ;HH C B036)1JK.Il;€HH€M Manofl: MaCChi 

/CM. pHC.l6/ /mTpHXOBaH nHHHH/. 

paCC4HTaHH~e nO MO,Q€nH H H3MepeHH~e 3KCnepHMeHTanbH0/2gj, npe,q
CT8BJ1€Hbl B Ta6I1HU,e. 3TO npem,qe scero CP€AHflfl MHO>K€CTSeHHOCTb 

aapRmeHH~x 4aCTHU.. To4Ho cpasHHTb TeopeTH4eCKHe H sKcnepHMeH
TaJJbHble 3H84€HHR 3TOa:1 B€JlH4HHbl CJlO>KHO, T. K. 3KCnepHM€HTaJlbHaR 

ycTaHOBKa He oxsaT~eaeT scero HHTepsana nces,q,o6~cTpoT. KpoMe 
Toro, s Ta6.nt.1u,e np~ttse,qeHbl cpe,qHHe aHa4eHI-1R pom,qeHHbiX cTpaHHblx 
6apHoHos <n AA >, npoTOHOB H aHTHnPOTOHOB <npp >, KOTOpble onpe
AenR~TCR B MOAen~ napaMeTpaMH nOAaBneH~R CTpaHHOCT~ y ~ 6a-

.s 
pHoH-aHTH6apHoHHbiX nap YBB· npRMO cBR3aHo c eenH4HHOH y 5 
H cpeAHee 4~cno <n + >. Bb16op napaMeTpoe s pacnpeAeneHHI-1 no no

K-
nepe4HOMY HMnYnbCY KBapKOB /aHTHKBapKoB/ B npoTOHe /aHT~npoTo-
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f)J Mx. = 11 r~B 
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"t:t I 

~ 0,4 
<i~ 0,3 
'd 0,2 

0,03 0,05 0,10 
PHc.12. PacrrpegerreHHe no nepegaHHOMy qeT&~exHMrryrrbcy 

t llpH pa3ITHl-IHbiX 3HaqeHH.fiX KBa.,IJ;paTa B036Y)K,ll;€HHOH MaCChi 
2 • 2 2 

M x B pd ~ d X agaHMoA,eHCTBIUIX: a/ npH M x = 2 2 7 fgB 

( PLAB = 154 fgB/c) 126/, 6/ ITPH M ',i = II fgB (PLAB 

= 252 fgB/ c / 26 / • 

He/ M B pacnpeAeneHMM no nonep€4HOMY HMnynbCy KBapKOB /aHTH

KBapKOB/ nplll pacnaAe CTpyHbl o6ycJlaBJ1V!BaeT npVIB€A€HHbl€ 8 Ta6nlo1-

t..te cpeAHI-1€ 3Ha4€HV1fl nonep€4HblX IIIMnYilbCOB LlaCTI-1Lt <P ..L K >, 

.-::P >,<P > 
/30/ 

..L " l. p 
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ti 

'lJ_-t-l.r,ii. 
Mx 

.PHc.I3. Pacnpep;eneHHH 3apJDKeHHblX t.IaCTHI.J; no nceap;oObiCTpoTe TJ + 6-.TJ , rp;e 6.11 = 
-.;8 2 = In """M, a npol\ecce O/IHO'IaCTH'<Hol! AH<!JpaK!~HH pp ~ pX npH s = 249 l'3B npH • 
. - 2 2 2 2 (jJHI<CitPOBaHHOH Macce B03DYJK.lleHHoll cHcTeMhl M x • a/ M x = 1-3 l'3B ; 6/ M x = 13± 

±2 !'3ll 2 (II); a/ Mi= 41±2 !'3B
2 ; r/ Mi= 93±2 l'3B

2(ol/27/H B MK!'C /rHCTo
rpaMMhl/. 



~ Ta6.!luLja 

XapaKTepHCTHKH HegH~paK~HoHHb~ pp-B3aHMogeHcTBHH 
npH BbiCOKHX 3HeprHRX, nonyqeHHbie rpynrroH UA5, H B M.KrC 

53 r3B 200 r3B 546 r3B 900 r3B 

..;8 pacqeT 3KCrrepHM8HT pacqeT 3KCTI8pHM8HT pacqeT 3KCnepHM8HT pacqeT 3KCTI8pHM8HT 

<n±> 13,26 11,5±0,2 21 ,85 21,4±0,6 30,45 28, I ± 0, 9 34,86 35,6± 1,1 

<n K+K-> 0,95 0,74±0,11 I, 74 I ,56±0,24 2,49 2,24±0,16 3,01 3,62±0,26 

<n - > pp 
I , 31 1,3±0,05 I , 70 I ,87±0,28 2,16 2,45±0,16 2,42 2,85±0,46 

<n Aii.> 0,37 - 0,60 0,29* 0,93 0,60±0,11 I ,08 0,88±0,21 

<P.Lrr> 0,35 - 0,38 0 37* 0,39 o 4o* 0,41 0 42* • • • 
<~ K> 0,47 - 0,50 0 57* 0,52 0 57* 0,54 0 63* • • • 
< PJ. P > 0,54 - 0,57 0,53* 0,62 0 62* 0,65 0,68 

' 

* /sol .UaHHbie rpyrrnbi UAS, rronyl.leHHbie rryTeM Mo,a;enHpoaaHHR B ' • 



4. 3AKn!04EHI1E 

Coa,qaHa Mo,qe.:!b KaapK-r niOOHHbiX crpyH, c nOMOtqbiO KoropoH npo
ee,qeHbr paC4eTbl pp- lo1 pp-B38V'IMO,qe~CTBVU1 nptr~ BbiCOKHX 3HeprYIRX. 
PeaynbTaTbr cpaBHI-1eanHcb c WI-1POKV'IM cneKTPOM 3KcnepHMeHTai1bHb1X 
,qaHHbiX. BbrnonHeHHOe cpasHeHvte ,qeMOHCTp!-1pyeT npHro,qHoCTb Mo,qe-
11&.1 AI1R onV1CaHV1R MHO~ecTaeHHOrO pom,qeHHR. nporpaMMa reHepa~HH 
,qocrynHa seeM ~enaiOtqV'IM e10 aocnonbsoaaTbCR. C ee nOMOtqbiO Mom~o 
nposecTIII 6onee r~qarenbHbli:i aHailvt3 ,qaHHbrx He TO!lbKO a cny4ae pp-
&.1 pp-aaaV1Mo,qeHcTBV1H, HO H ,qnR ,qpyr1o1x cranKV'!BaiOtqHXCR a,qpoHoa. 
Cne,qyer no,q4epKHYTb, l..ITO, ocraaaRCb a paMKax sb16paHHbiX aCa.-tMnTo
THK ¢YHKUV1~ pacnpe,qeneH&.1i:1 KOHCT&.1TyeHTOB &.1 ¢YHKUHi:1 ¢parMeHT84&.1&.1 
JllriAIIIPYIOlqHX KOHCTHTyeHTOB, B3RTbiX V13/5 • 6< 1r1 HCnOJ1b3YR 11KBa3H-
3i1KOHaJ1bHY1011 ct>oPMYJ1Y /3/ ,QJ1R OnpeAe.neHHR 4&.1CJ1a nap KBapK-r.nfOOH
HbiX CTpyH, Mbl He CMOr J1H aocnpOH3BeCTH 3HepreTH4eCKYIO aaSHC&-1-
MOCTb pacnpe,qe.neHHH aapR~eHH~x 4aCTI-1U no ncea,qo6~CTpoTe .. OnHca
HHe 3TOH aaBHCHMOCTH ,QOCTI-1raeTCR nPH HCnOJ1b30BaHHH napaMeTp&.1aa
~~~ /4/. 

ABTOPbl 6naroAaPHbl A.6.Kai1Aalloey, Jl.I1.Cap~>4eBoii ~ Jl.H.CM~p
HosoH aa MHOro4Hc.neHH~e 06CY~AeHHR H nOMO~b B paapa60TKe MO,Qe-
11~. 
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